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PREFACE TO SECOND EDITION. 



The first edition of this little treatise 
having become exhausted while the demand 
for it still continues, a second edition is 
obviously called for. 

The aim of the author as expressed in 
the first preface was certainly realized, and 
learners found the subject of transverse 
stresses when treated with the simpler forms 

of analysis, more than acceptable. 

The graphic method^ moreover, which ]& 
clearly expounded in this essay has, since 
the treatise was written, gained in the opin- 
ion of engineers and is almost universally 
employed. 
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PREFACE. 



The usTial discussion of stress in beams loaded 
transversely, involving as it does the calculus, is 
unintelligible to that large class of builders, and 
others, whose mathematical training has not exten- 
ded beyond the elements of conic-sections. Yet, the 
most important cases may be explained without 
using the higher mathematics. 

The aim of the following pages is to put into 
brief and convenient shape, without resortmg to 
the higher mathematics, the discussion of the most 
important and common cases of horizontal beams 
imder vertical loads. In beams of rectangular 
cross-section the formulae given are exact under the 
assumptions generally made in regard to the laws 
of elasticity. In flanged beams the approximations 
made use of are those adopted in ordinary practice. 

A graphic method of determining the amount 
of remtance is added, which is applicable to aU 
cross sections, and which, if used with ordinary 
skill and care, will give results exact enough for 
every purpose. This method is so simple, and of 
such general application, that it commends itself to 
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practical builders. It is easily understood, and re- 
quires no other appliances but those in the hands 
of every draughtsman. In the case of unsymmetrical 
cross-sections, (as for instance, iron rails) it affords 
an easy means of obtaining sufficiently accurate 
results, without resorting to the tedious calculations 
otherwise necessary. 

This discussion (in which there is no attempt at 
originality) was prepared for the use of the inter- 
mediate classes in Engineering, at Washing- 
ton and Lee University. Having been found 
serviceable to them, both during their college 
career and in subsequent practice, I am induced 
to hope that it may save time and labor to those 
engaged in the same pursuits. 

In preparing the manuscript for the press, and 
correcting the proofs, I have been much indebted 
to one of my former pupils, Mr. Julius Krutt- 
schnitt, C. E., now Instructor in the McDonogh 
School. 

August, 1876. 



STRENGTH OF BEAMS 
UNDER TRANSVERSE LOADS. 



In the following discussion the ordi- 
nary cases of loaded beams are treated 
without resorting to the higher mathema- 
tics. It is an attempt to compile from 
various sources the simplest methods of 
treating such cases as arise most frequently 
in practice. 

Transverse stress is produced by a load 
applied to a beam in a direction perpen- 
dicular, or inclined, to its length. A D 
(Fig. 1) is a beam subjected to such a 
stress. 

In this kind of stress a compression of 
the particles or fibres on one side of the 
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Fig. 1. 

beam and an extension of those on the 
other, are produced. In consequence of this 
the beam bends. Experiment shows that 
the amount of compression on the one side, 
and of extension on the other, diminishes 
as we go inwards from the top or bottom 
towards the centre, and at some intermedi- 
ate plane, O O', becomes zero. The fibres 
at this plane being neither lengthened nor 
shortened, it is called the new^ra/ plane, and 
its intersection by the plane of vertical 
section is called the neutral line or aosis. 
Experiment also shows that, from this 
plane towards the top and bottom, the 
amount of extension and compression may, 
for the stresses that occur in ordinary prac- 
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tice, be considered as varying directly with 
the distance from the neutral plane. 

The extreme top and bottom fibres suflEer 
the greatest compression and extension, 
and in case of ruj)ture, the rupture begins 
with them. Some question exists as to the 
exact location of the neutral line or plane^ 
but for slight deflections it passes through 
the centre of gravity of the cross section 
of the beam, and it is very probable that it 
never deviates from this position. 

In discussing transverse stress, the as- 
sumptions based upon experiment may be 
stated as follows: 

1. The forces on the fibres are directly 
as the amount of extension or compression 
they produce; ( Tit tensio sic vis,) and since 
the extension and compression increase as 
the distance from the neutral axis, the 
forces vary in the same proportiooi. 

2. Within elastic limits the extension 
and compression at equal distances from 
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the neutral axis are equal, and the foices 
producing them are equal. 

3. The neutral axis passes through the 
centre of gravity of the cross section. 

BECTANGULAK BEAMS. 

Let us now discuss the relations existing 
between the forces in, and on, transversely 
loaded rectangular beams, the load being 
8ai)posed to be vertical in direction and 
the beam horizontal. 

Case L 

Let A D (Fig. 2) be a beam so thin that 
it may be considered as composed of but 
one layer of fibres or particles. Let it be 
fastened in a wall at AB, and be loaded 
with W at the other end. Neglect for 
the time the weight of the thin beam it- 
self, which is small. Imagine it to be cut 
by a vertical plane E Y at any point, and 
let us see under what forces the part E D 
is held in equilibrium. 

The only external force on ED is W 
acting at D downwards, and ED is pre- 
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vented from falling under this weight by 
the resistance of the fibres at EF. To 
analize these forces, let us take O, as an 
origin of co-ordinates, and 0,0' as the 
axis of Xj and O^ E as the axis of y, and 
as the forces are all in one plane, find 
their components along these axes. The 
internal forces, or resistance of the fibres 
at E F, are : 
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1. The horizontal forces which are ten- 
sile above and compressive below, and 
which increase from zero at O^ just in pro- 
portion as we go from that point towards 
the upper or lower edge of the beam. (Fig. 
3.) 



£ 



Ov 



O^ 



^Tj. 



w 



(Fig. 3.) 



2. The vertical force. This is called the 
shearing force or transverse shearing force. 
It resists the tendency of the part of the 
beam E D to slide down on the surface E 
F. The existence of this force may be 
realized if we conceive the beam to be 
divided into two parts by the vertical plane 
E F, and those parts to be united by some 
very elastic substance, as india-rubber. 
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Then the beam would take the form shown 
in Fig. 4, the part F C sliding down on the 
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other. The force in the beam that resists 
this sliding is represented in Fig. 3, by the 
vertical arrow at E. Let it be called T. In 
Fig. 3 are represented all the forces we 
have to deal with. Since this system of 
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forces is balanced, the following equations 
must be fulfilled : 

2X=0 JS-Yr^O 2M=0 (1) 

That is: the sum of all the horizontal forces 
(-2'X), and the sum of all the vertical 
forces (-^Y) must each be equal to zero, 
and the sum of the moments about any 
point as Oj must also equal zero. 

The only horizontal forces in the system 
are the two triangular groups of forces E O, 
H and F. O^ L, representing the sum of 
the tensile and compressive stresses on the 
fibres. As the group E 0, 11 acts in a di- 
rection opposite to that of the group F O, 
L, and as the algebraic sum of the two 
groups is zero (-2'Xi=0), the groups must 
be equal to each other. This is indicated 
in the figure by the equality of the triangles 
EOjHandFOiL. 

The vertical forces are W and the 
shearing force T at E F, and since 

^Y=T— W'=0. We have 

T=W' (2) 
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Next obtain the moments of all the 
forces about O^ and place the sum of these 
moments = zero. Replace the tensile? and 
compressive forces by their resultants. The 
resultant or sum of all the tensile forces 
represented by the triangle E Oj II (Fig. 3) 
may evidently be represented by the area 
of the triangle of which the base E O^ is 
the distance over which the forces are dis- 
tributed, and the altitude E H is the stress 
in the outside fibre. Let 

S = this stress = E H 
and ^ = E F = depth of beam 

Then area E O, H=i S t7=N= resultant 
of tensile forces. Similarly 

Area F0,L=JS^=N'= resultant of 
compressive forces. 

These resultants will pass through the 
centres of gravity of the triangles E O^ H 
and Oj F L, since the little forces of which 
they are composed are represented by these 
triangles. Hence the direction of iVwill 
intersect O^.E at a point G (Fig. 5), whose 
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2 d d 
distance from O, is = Va EO, =—.-=—• 

This is the lever arm of ^T about O^. That 

of JV' is G' O, also = — Hence the sum of 

3- 

the moments of these two forces about O^ 
(since they both tend to produce left- 
handed rotation) is 

'Sob 
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The force T since its direction passes 
through Oj has no lever-arm, and hence 
its moment is zero. 

If the distance from 0' to O, be called 
ic, the moment of the weight W is — -f-W 
X (since it tends to produce right-handed 
rotation), 

6 
.-y^'x^-^d^ (3) 

So far we have considered a beam whose 
breadth is that of only one row of fibres, 
but a beam of any breadth may be made 
up of a number of such slices placed side 
by side, and if 6= the number of slices, or 
breadth of the beam, and W=the weight 
hung at the end of it, then eq. (3) becomes 

yVx=-Sbd' (4) 

This discussion is general and will apply 
to any section as well as to E F. S and x 
are the variables in eq. (4), and these 
quantities will have different values at 
the different sections, which values in- 
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crease as we go towards AB (Fig. 2), but 
the form of the equation will evidently be 
unchanged. If AC (Fig. 2) be = /, we 
have for the section at A B (Fig. 2) 

Wl = ^Sb€P (5) 

AB is the section of greatest stress, and 
the beam if overloaded will break there. 

The quantity — Sb d^ is called the mo- 
ment of resistance of the fibres, or moment 
of the internal forces, and is often written 
Jf for brevity. Wx is called the moment 
of the weight, or moment of the external 
forces. 

Let the maximum value oi — Sbd^ (eq. 5) 
be called Mq. 

We may illustrate geometrically the 
variation of the moments M^TFic, and 
consequently of the stresses produced on 
the outside fibres from A to C. 

In Fig. 6 let A be the beam. Take 
a line on some scale to represent the value 
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Fig. 6. 



of M^ =W/, and lay it off from A per- 
pendicular to A C. Let AL be this line. 
Draw L C. Then the dotted perpendiculars 
in the triangle LAC will represent the 
moments of resistance in the beam at the 
several points at which they are drawn. 

From eq. (2) it is seen that the shearing 
force is constant at every section of the 
beam. This force we may assume with 
sufficient accuracy, for our present purpose, 
to be uniformly distributed over the cross 
section of the beam on which it acts. 
Hence if A = area of cross section and. 
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t= shearing force on a unit of the surface, 

T = W = A^ (6) 

Lay off AC (Fig. 7) = I and CP = W. 



I 1 



Fig. 7. 
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Then the rectangle AP represents geo- 
metrically the shearing stress at every 
point of the beam. 

Corollary/. When several weights as 
W W, W Fig. 8) are suspended from the 
beam at different points, the moment of 
resistance at any point is equal to the joint 
moments of the weights at that point. 
Thus, calling distances measured from C, 
G, and E towards A, x, x^ and x^ respect- 
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ively, we have for the equation of moments 
for points between C and G 



Wx=~Sbd' 
6 



Between G and E 



Wx+W,x^=~8bd' While at K, 



for instance, it is 
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Wx + W,x,+W,x,=-Sbd* (7) 

6 
The shearing force at K is 

T=W4-W,+W, (8) 

Oeometrically. Let A C (Fig. 8) = / A G 
= 1^ and AE=:/,. Lay off AL = W/, 
L H = W, Z, and A I =: W, l^. Draw the 
triangles as in Fig. 8. Then N P = total 
moment at K, for instance. 

The shearing force is represented by the 
rectangles A P, N O, and S T (Fig. 9), and 
at any point in the beam is equal to the 
sum of the weights between that point 
and C. 

EXAMPLES. 

(1.) Suppose the safe stress per square 
inch to be 1,000 lbs. (=S), and /=:10 ft., 
^ = 3 inches, and d = 12 inches, what 
weight will the beam support ? 

(2.) Supposa W= V4 ton, 1=12 ft., 5=2 
inches, what must be the depth {d) of a 
rectangular cast iron beam, so that S shall 
not exceed 4 tons ? 
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Case II, 

Let the beam be as in the last ease, but 
with the load distributed uniformly over it 
(Fig 10). Let w =. weight on a unit of 
length, W = total weight on A C, /= A C 
=z length, d=zAB=: depth, aj =1 E C as be- 
fore. Then the forces to be considered are 
represented in Fig. 11, the little arrows 
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along E C representing the weight distrib- 
uted along the beam. 




Fig. 10, 

Replace the weights along E C by their 
resultant, which ia=:wx, and which should 
be applied at the middle point of E C, since 
the little weights on the beam are uni- 
formly distributed. Then putting the 
resultants N and N' in place of the tensile 
and compressive force, and proceeding as 
before, we have 



T—wx=0 
T=w X 



(0) 
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Also ^ox.%—lsb€r = 

2 6 



^^'=is5</-z±iM (10) 



2 6 



At AB (Fig. 10) these equations become 



Tq=:wI=W 



.1 



2 2 6 

By comparing the last equation with eq. 
(5), we see that if the weight and beam be 
the same the stress on the fibres in this last 
case is only one-half what it was in the 
former, or, what amounts to the same, the 
beam will bear twice as much distributed 
over it, as it will when the weight is con- 
centrated at the extremity. 

From eq. (9) we see that the shearing 
force is not constant as in the last case, but 
varies as x. It is greatest at A. 

Greometrically. The equation M = iwx' 
corresponds with that of a parabola with 
vertex at C and axis vertical. Lay off A L 
(Fig. 12) = 4 ^^ ^, and through L and C 
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Fig. 11. 
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draw a parabola. The ordinates of this 
parabola (dotted in the figure) will repre- 
sent the moments at the several points. 




The equation T =^w x is represented by 
the triangle A P C (Fig. 13), which there- 
fore gives the shearing stress at every point 
of the beam when A P is taken =^w L 

Corollary 1. When the load is distrib- 
uted over only a part of the beam as in 
Fig. (14), let R C=^m=zthe loaded part, 
and take the other letters as before. Then 
the equations for any section in the loaded 
part are evidently the same as those just 
obtained, viz. : 
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Fig. 13. 
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y^wx'=^^Sbd^=zM I (12) 



AtR y^wm'=U 

And T=wx 



] 



But at any section E F between A and 
K the moment of the load is = wm 
(x — Vj ^)> *^^ latter factor being the dis- 
tance from the centre of gravity of the 
load to the section E F. The moment of 
resistance having the same form as before, 
we have for the equation of moments for 
any section in R A 

wm (a— V,m) =^Sbd' =M (13) 

At A this becomes 

w m {I — J m)=M.Q the greatest moment. 

The shearing force at E F being equal 
in amount and opposite in direction to the 
whole load between E F and C will be 

T=w m (14) 

Geometrically. For the moments: lay 
off AC = ; and C R =m (Fig. 16). At R 

erectDR=— ^ and at A make AL=Mo. 
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Through C and D draw a parabola as in 
the last case, and (since eq. [13] is of the 
first degree) through D and L draw a 
straight line. Then from C to R the ordi- 
nates of the parabola represent the mo- 
ments, and from R to A they are represented 
by the ordinates of the trapezoid R L. For 
the shearing stress (Fig. 16), lay off from 
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R, R N=io ??i. Draw C N and N P. Then 
the triangle CRN (corresj3onding to the 
equation T=:wx) gives the shearing force 
at each point in C R while the rectangle R 
P (corresponding to the equation T=:^w 7)i) 
gives the force in the remaining segment 
of the beam. 

Corollary 2. When there is a load W 
at the extremity C, in addition to the load 
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uniformly distributed over the beam (Fig. 
17), we have a combination of Cases I. and 
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"W 



Fig. 17. 



n. and the moment of the external forces 
at any section, E F, is 

Hence the equation of moments is 

M=~Sb(P=hox'i-Wx (15) 
This is greatest at A, or 

M„=ls bd=iwP+Wl (16) 
6 



The shearing force 




T=^w^+W 


(17) 


At A 




To=wl+W 


(18 
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Geometrically. The simplest way of 
representing the moments is to construct 
those due to each kind of weight, and 

then combine them. Thus, let M' = -^ 

and M" =W x. Construct M' as in Case 
II, y it being represented by a parabola 
with vertex at C and axis vertical, and M" 
as in Case 7!, it being represented by a 
triangle (placed under A C for conven- 
ience). Since M == M' -f M" from eq. 
(15) we have the total moment at any point 
E (Fig. 18) represented by the sum of the 
ordinates of these two figures=N P Fig. 
(18.) 

The moments may also be represented 
by the parabola corresponding to eq. (15) 
as in Fig. (19.) This parabola has its ver- 
tex at C and not at C. Of course, only 
that part of the curve between C and A is 
applicable to our purpose. 

The shearing force is represented by 
adding the triangle N PP' (Fig. 20) repre- 
senting the variable part t/? a; of T to the 
rectangle C P which represents the constant 
part W of T. 
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EXAMPLE. 



Discuss the forces when the load is distrib- 
uted as shown in Fig. (:^1) assuming- 
various values for LX and N C as well as 
for 10 and W. 



Case ITT, 
Let the beam whose length is I rest upon 
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supports at B and T> (Fig. 22) and let it be 
loaded at some point G with a single 
weight W. Let m and n be the segments 
into which the beam is divided at the point 
G of the application of the weight. 

First find the proportions of the weight 
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supported at B and D, or in other words, 
the reactions of the supports. By the prin- 
ciple of the lever the respective portions of 
the weight supported at B and D are in- 
versely proportional to the distances of these 
points from G. Thus, let W'— reaction at 
D and W"=reaction at B and then 

W : W": \m:n 
W''-fW': W: : m-\-n:m 
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Fig. 21. 
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Fig. 22. 
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But W'-fW"=Wand m + n=l 



And 80 



n 



(19) 



V 



Now apply the conditions of equilibrium 
to any part A E of the beam counting from 
.A. (Fig. 23). 




cc 



39 

let. Between A and G. ^ X=r-.0 merely 
indicates the equality of N and N', as these 
are the only horizontal forces. 2 Y=:0 
shows that the shearing force at the section 
E F is downwards 

and=W" . • . T=W"= yW (20) 

2 M= 0. The joint moment of N and 

N' is as before=is b d\ That of T is 

o 

zero. The only other force acting on A 
E is W", the reaction of the abutment. 
Let O Oi=aj. Then the moment of W" 
is 

c 
Hence "^ .W x ^~S b d^=0 

,'~Wx=^8bd'=M (21) 

2d. Between G and C (Fig. 24). Here, 
between A and E are the two external 
forces W" at B and W at G. Hence the 
shearing force at E F is upwards and 
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T=W'— W=— W' = 



m 



W. 



(22) 



For ^ M =^ we have 



1 



1 S b d^-+ W x—W (x—m)=0 



• /^Wx — W (x—m) = ]r^b d^= M (23) 

/ D 
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The greatest value of eq. (21) is at G, 
wherti it becomes identical with eq. (23) 
for the same point. This value is 



971 n 1 

c 6 

At A and C the moments are zero. 



(34) 




id 

6 



Geometrically. From eq. (21), which is of 
the first degree, it is seen that the moments 
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vary in A G as they did in Case I, Hence 
they may be represented by the ordinates 
of the triangle A L G. (Fig. 25). 

Eq. (23) is also that of a straight line 

' cutting the axis of X at C. Hence the 

moments in G C are represctnted by the 

triangle G L C (Fig. 25). The shearing 




CD 
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force in A G is represented by the rectangle 
A P and that in G C by the rectangle CP'. 
(Fig. 26.) 

Note, That the maximum moment (at G) 
corresponds to the point where the shear- 
ing force passes through zero. 

Corollary 1. When the weight W is at 
the middle of the beam, we have 

W'=iW"= v,w 

Then eq. (21) becomes 

and (23) is ) (25) 

V, W {l—x) = \^h cTznM 

6 

At the centre M„= VjW. V, I = V4W I (26) 

The triangles A L G and G L C (Fig. 27) 
represent the moments in this case. G L 
having been laid off :r= Y^ W I. 

The shearing force throughout the beam 
is then T=V,W (27) as is shown in the 
rectangles (Fig, 28). 

Comparing the value of M^ given in eq. 
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(o) Case I, with that of M^, in eq. (26) we 
see that the load and the length being the 
same, a beam will bear/b?<r times as much 
with both ends supported, and the load 
placed in the middle as it will do with one 
end fixed and the other loaded. 

Corollary 2. When there are several 
weights, as in Fig (29), the moment of the 
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external forces at any section is that due 
to the action of all the weights. Let the 
segments into which the weights W, W, 
and W, divide the beam be m and n for 
W, m, and n^ for W^ and m^ and n, for 

w.. 

Let Rj = reaction of abutment at B and 
Rj= reaction of abutment at D and 
/= length and let x be counted from 
A as before. 
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The reaction of the abutment at B due 
to these weights is 



So at D R,z=^W+ y'W,+-J'W, 



} (28) 



For any section between A and G, R, 
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is the only external force and hence the 
equation of moments is 

R^x=ls h (fizzM (39) 

b 

The shearing force is T=:R, (30) 

For every section between G and G' 
the weight W is to be taken into consider- 
ation and the equations are : 

R,a;— W(a;— m)=:^S h ef =M (31) 

T=iR^— W (32) 

For any section between G' and G") 
we have: 

(33) 

R,a— W(a;— m)— W,(aj— mj=i S 6<^=M 

T=R— W— W, 
For any section between G" and C 
R^a;— W(a;— m)— W^(a;— m,)— W, \ 

(ar— m,)=is5e?^=M t (34) 

T=R^— W— W— W, 3 

The location of the greatest moment is 
most readily determined by geometrical 
construction. 
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Geometrically. The moments are rep- 
resented in Fig. (30) by constructing sep- 




CO 

6 



arately those due to each weight and then 
combining them. Thus, the moments pro- 
duced at every point in the beam by the 
weight W are represented by the triangle 
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A L C (Fig. 30), in which G L equals the 
greatest moment due to W=— W m. Sim- 

ilarly A L' C represents those due to W,, 

G' U being =j^W,m, and A U' C gives 

those due to W,, G" L" being =—' W, m^. 

Now, if at every point we add together 
tlie ordi nates of these three triangles for 
that point, and lay them off above A C we 
shall get a polygon A H H' H" C, which 
represents eqs. (29) (31) (33) and (34) and 
gives the total moment at any section. The 
greatest ordinate of this polygon will, of 
course, show the location of the maximum 
moment. This will be at G or G' or G"> 
according to the relative amounts and pos- 
itions of the weights W, W^, and W,. In 
the Fig. it is at G'. Hence from eq. (31) 

R, m^'-W{m,—77i)=^ S 6 <?«=M, (35) 

The shearing force may be represented 
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as in 



CO *.* Fig. (31). It is greatest in that one 
of the two end segments which corresponds 
to the greater of the two quantities R^ and 



Note. That in this case the simplest way 
of finding the point of maximum moment 
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is to construct the figure representing the 
shearing force, and the point when the 
shearing force passes through zero, (G' 
Fig. 31) is the point sought. 



EXAMPLES. 

1. Let fc=20 ft., m=D ft., m^ = 10 ft., m,= 
15 ft., W=:l ton, W, = 2 tons, W2=3 tons. 

Find the maximum moment. 

2. Find the size of a rectangular wooden 

beam where 

/=15 ft., m=3 ft., mz= 6 ft., m,=14 ft. 
W=l ton, W,=:i ton, Wj^=2 tonai 
S=1,000 lbs. and d=4: b. 

Case IV. 

Let the load be equally distributed over 
the beam (Fig. 32). In this case the reac- 
tion of each abutment =i the load, or 

R,=^=li. (36) 

Take any section E F whose distance 
from A=a!. Then the external forces 
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acting between A and E F are, R^ and the 
resultant of all the little weights from A 
to E (=:w X), This last force acts at its 
centre of gravity (Fig. 33), which is half 
way from A to E. Its lever arm is there- 

fore = - Hence the equation of moments 

will be 



53 



» 



r 



CO 
CO 






or 



Wl WX^ 1 a j^ ^2 TiT 1 



(37) 



This is a maximum at the centre where 

M,= V» «' ^ • (38) 

The shearing force at E Fis 
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1 =^: wx 

2 



(39) 



This is greatest at the abutments where x 
=Z, orO 

.•.T=-|-^ (40) 

At the centre T=0 

Geometrically, The values of M in eq. 
(37) may be represented by a parabola 
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with vertex at L, the ordinates G L 
(Fig. 34) being taken = M„. The shear- 
ing force is represented by the two triangles 
A P G and G Q C (Fig. 35). 




CO 






The maximum moment exists at the point 
(G) when the shearing force is zero. 
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Corollary, When the uniform load ex* 
tends only over a certain distance from one 
of the supports, as in (Fig. 36), let A D= 



%, 



o 



CO 




loaded segment=m. The reactions of the 
abutments are: 

At A, Ri=:t«? mi — —\ 



(fit \ 
27/ 



(41) 



5V 

Then for any section in A D the moments 
of the external forces will be as in the case 
just discussed, 



z^w m 






And the equation of moments in A D will 
be: 

fl — J m\ wx" 1 



w m 



(-r-H^ = 6®*'^-^ (42) 



For any section in D C the whole load 
(w m) is to be considered as acting through 
its centre of gravity (G), and the equation 
of moments is: 



to m 



Reducing 

"^{l-x) = J S 6 c^^-M (43) 

The shearing force in A 15 is 

(1=^ m\ 
T — w mA — I — w X 

\ I I I (44) 

In D C, T=w m. I — ^ — I — wm 
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T is a maximum at A, or 

7 — i Yn> 



T.=» J^) 



Geometrically, Eq. (42) corresponds to 
the parabola A L K (Fig. 37), which cuts 




A C at A and K (whose distance from A== 
—r- \l — J rti\ ) and whose axis is vertical 
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Eq. (43) corresponds to the straight line H 
C. We can only use the part A L H of 
the parabola, the moments in D C being 
represented by the triangle D H C. The 
maximum moment is at N corresponding 
to the vortex L of the parabola. The value 
of this moment is: 

Mo= -Y-(—r-) (^^> 

which is obtained from eq. (42) by substi- 
tuting for x the value A N (=t A K)== 

7)1 

*^il — i m). This M„ is always less than 

the maximum moment that exists when the 
load extends all over the beam as will ap- 
pear by making m to vary in eq. (45) and 
applying the tests for a maximum to it. 

* 

The shearing stress for the loaded seg- 
ment is represented by the triangles A P K 
and K P' D (Fig. 38), and for the other 
Segment by the rectangle D H. The point^ 
Iv, where the stress is zero, is found by 
making in eq. (44) 
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1 =w m j — - — j — m x=0 
and finding the value of x. 
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This point corresponds to the maximum 
moment. It may also be found graphi- 
cally by constructing Fig. 38, and, as be- 
fore, affords the easiest method of deter- 
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mining the point of the beam where the 
maximum moment exists and where conse- 
quently there is greatest danger of rupture. 

EXAMPLES. 

1. Let fc=20 ft. v}=600 lbs. per ft. m=z 
15 ft. and let there be a weight in addition. 



A 



I 



tC 



^ 



w 



^ 



ff 
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FiQ. 39. 



W=5 tons at a point 18 ft. distant from 
A. Required the maximum moment. 



a 



1 



i 



i 



Fig. 40. 
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2. Let one-half of the above beam be 
loaded with a uniform load, w=l ton per 
foot, and the other half with a uniform 
load oi w' =i ton per foot. Required 
the moments. 



Case V. 

A single moving load. When a single 
moving load passes over a beam, as in 
(Fig. 41), the maximum moment at each 
instant (as appears from Case III.) takes 
effect at the section just under the weight. 
To determine the law of variation of these 
maxima as the weight travels over the 
beam: Let .T=the distance at any instant 
from A, and then the reaction of A at that 
instant (= the part of W transmitted to it) 

l—x 
= W — - — Multiplying this by the lever 

arm x we have for the moment under the 
weight : —J- il-x) = ^.Sb d'=li (46) 

This is a maximum at the centre, where 
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M. = V4 W; 



(47) 




Eq. (46) corresponds to a parabola (Fig 41) 
with vertex at L, the ordinate G L being = 
^U ^ ^' The shearing force for each seg- 
ment into which W (Fig. 42) at any instant 
divides the beam is equal to the reaction of 
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the abutment corresponding to that seg- 
ment. Thus, if W is at a distance x from 



A the reaction of A is r=:W 



X 



I — X 



and of C 



it is = W J, 

If W has the position marked 2 in (Fig. 
42), then the shearing stress in the left 




'^VJ^-Q^ P4 






"A ^ 
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segment is shown by the rectangle ANN' 
W and in the right segment by the rec- 
tangle WN" N'" C. The diagram shows 
in a similar way the stress at other points. 
If the third position of W in the figure is 
at the centre of the beam then evidently 
the greatest shearing stress to be provided 
for in the left half of the beam will be 
represented by the locics of the points like 
L, N', P', and for the right half it will be 
the locus of the points P", Q", L', etc. 

These loci are given by the equations : 

T=-!^{l—x)=zeq. of LC) 
T=-^aj =eq. ofAL') 

Turn the triangle A L' C down for con- 
venience, as in (Fig. 43), and then the 
shearing stress to be provided for is given 
by the figure A L P L' C. In this figure 



AL = CL' = W and D P=?. 
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Case VI. 

A distributed moving load. When a 
moving load gradually covers a beam, 
(Fig. 44), moving on from one end as a long 
train of cars, the maximum moments pro- 
duced is that due to the load when it covers 
the entire length of the boam, and conse- 
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quently this case is provided for in Case 
IV, 

But with the shearing stress it is dif- 
ferent. Here, as in Case FI, we need the 
locus of the greatest shearing stresses that 
be brought upon the beam. This maximum 
at any section D occurs when the longer 
segment into which D divides the beam is 
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loaded, and the other is not. In that case 
the shearing force at D (=the reaction of 
the abutment C) is 

(49) 



T= 



21 



This equation gives the parabola A 
N P' (Fig. 45) with vertex at A, where 




69 



njn 7 

CP' = -^. When the load comes from 

the other end of the beam we get the 
parabola C N P. Hence the figure A P 
N P' C gives the maximum shearing stress 
to be provided for. 

It is easy to see that the shearing 
stresses thus obtained are greater than 
those which exist whep the load covers 
the entire beam. In the latter case the 
forces are represented by the triangles 
A P G and G P' C (Fig. 45), the shearing 

* stress at D being given by eq. (39^) 

« 

T=w x'^=-.D H 

In the case of the passing load we have 
just seen that 

w ^^ 
2 1 

The value of D H is always less than that 

of D K when a^> — ; for if 2 a; be a certain 

quantity, then the product of the halves 
of that quantity i=x^) is greater than the 
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product of any other two parts Csuch 
as I and [2 x—r\ ) into which it can be 
separated. ' ^ 



That is x'^>i{:Zx~D 

w x^ w I (2 x—l) 

W X^ 10 I 



(50) 



In the expressions of the moment of 

resistance M=— S h d^ the quantity de- 
noted by S (= the stress on the outside 
fibres) varies directly as M. Hence, all 
the geometrical illustrations we have 
given of the moments may apply equally 
well to the values of S. The maximum 
moments give the maximum stress on 
the fibres, and indicate the points of rup- 
ture when the beam is loaded with its 
breaking weight. 

ULTIMATE VALUES OF S. 

If beams are loaded transversely until 
fracture takes place, the value of S or the 
stress on the outside fibre which exists at 
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the moment of fracture, gives us a value for 
the tensile or compressive strength of 
the material according to the manner of rup- 
ture. If the beam yields by tearing^ S 
gives us the tensile strength, if by crushing 
S gives the compressive strength. We 
readily obtain the value of S answering 
to the ultimate strength from any of the 
formulas under " Transverse Stress," by 
substituting given values for /, 6, and c?, 
and the actual breaking weight for W. 

s 

But the tensile and compressive strengths 
of materials are also obtained by direct 
tension and compression, the force being 
applied in the direction of the length 
of the bars until rupture takes place. 

If our theory were perfect the values 
of tensile and compressive strength thus 
deduced would agree with the ultimate 
values of S found in tranverse stress; but 
they do not. 

The difference is very wide sometimes. 
Thus m cast iron, S (in this case it repre- 
sents the tensile strength) derived from 
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breaking rectangular beams by a trans- 
verse load is nearly 20 tons per square 
inch, while the tensile strength obtained 
directly is only about 8 tons. This dis- 
crepancy has been accounted for in two 
ways. 

1. That the neutral axis moves towards 
the compressed side, and that therefore 
a larger portion of the beam is subjected 
to tension than the formula supposes. 

2. That the neutral axis always remain- 
ing at the centre of gravity of the beam, 
the additional strength is due to the 
adhesion of the fibres which is developed 
by the unequal lengthening, and short- 
ening of them as we go from the neutral 
axis towards the surfaces. In favor of this 
view is the fact that we know such ad- 
hesion to be an element of strength; for 
the compression or extension due to a 
given force is not so great in a trans- 
versely loaded beam as in one directly 
compressed or extended. 

The action of this adhesive force may be 
illustrated as follows: 
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^ ^ V 



J 



dw 



^W 



Fig. 46. 



In the beam A B (Fig. 46), strained by 
the weight W, all the fibres are equally 
elongated, and they only resist by their 
direct tenacity. But in the beam A'C 
to the one-half of which is appended the 
weight, while the other half, E 0, is less 
strained or altogether prevented from 
extending, evidently W will have to 
overcome not merely the tenacity of the 
fibres in A' B' but the adhesive force of 
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the fibres along the plane E F, wbere the 
two parts of the beam join ; for this force 
will tend to prevent the stretching of the 
fibres in A' B', and consequently increases 
the strength of A' B'. This kind of force 
exists between every two layers of hori- 
zontal fibres in a beam under transverse 
loading, and is called the longitudinal 
shearing stress. It is neglected in the 
formulae we have given. 

From the variation between the ulti- 
mate values of S (called moduli of rupture) 
and the values for strength obtained by 
direct tension and compression, it results 
that the values should be determined in 
both ways, and that the values gotten by 
one method should not be used in 
calculations involving the other kind of 
stress. 

BEAMS OF UNIFORM STRENGTH. 

As already stated, in solid rectangular 
beams, S has different values for the va- 
rious points in the length of the beam. 
There is always a point of maximum 
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stress where the beam, if loaded suffi- 
ciently, will break. Now at all other 
points there is an excess of material 
which is useless and injurious from its 
own weight. To secure the requisite 
strength with the least material is an ob- 
ject usually desirable, and this can be 
readily accomplished in certain materials 
(as cast iron), by giving the beam such 
a shape as will make S, the stress on the 
outside fibre, constant throughout its 
length. In wood the injury resulting 
from the cross cutting of the fibres fre- 
quently prevents the putting of the theory 
into practice. 

The application of the theory of uni- 
form strength to beams of rectangular 
cross section may be most simply explained 
by taking up the cases we have discussed 
in detail. 

In Case I. from eq. (5) the maximum 
stress in the outside fibre is, 

This stress only occurs at A, where the 
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beam will ultimately break, and it is 
evidently possible to take away some 
of the material between that point and 




Fig. 47. 

C without diminishing the strength. If 
this be so done that at every point be- 
tween A and C there shall exist on the 
outside fibre a stress equal to that at A» 
the beam will be one of uniform strength, 
and we shall have attained the greatest 
economy of material. Let us suppose, 
the use we have for the beam requires 
the depth to be uniform. What must be 
its plan in order that S shall be constant 
in value, or the beam be as liable to 
break at any other point as at A^. 

6 W ^ 
In eq. (4) S= -r— «- > if we assume S to 
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be constant, the other side of the equation 
must be constant also, and since 6 IF' is 
constant, and we have made d constant 
by assuming the depth to be uniform, the 
whole expression can be constant only 
when b varies as x. 

. • . bx>x whence b=c x (where c = 
some constant factor). This equation 
which is that of a straight line shows that 
the breadth must vary directly as the 
length. Hence the plan should be a tri- 
angle with vertex at C (Fig. 48). 




Fig. 48. 

On the other hand, if we suppose the 

breadth to be uniform and wish to have 

6 Wx 
S constant, In the eq. S= j^2~^ ^ must 

vary as d, or* 

d^=:e X 
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This corresponds to a parabola, and the 
beam, if the top be straight will have the 
elevation shown in (Fig 49). 

Suppose that b varies as <?, then d =n b 
(n being a constant) and 



S= 



6 W 
n»5 



X 
8 







o 

£ 
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To render S constant we most have, b*x> 
a . • . b*=cx and €p=n* ex. 

These are the equations of a cubic para^ 
bola. Hence the horizontal section (Fig» 




Fig. 50. 

50), and the vertical section (Fig. 51)^ 
should be curves of that kind. The cross 




Fig. 51. 
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section is rectangular as in (Fig. 53). 
In Case II. we have 



rss^ 



E 



Secezan 



Fig. 52. 

Hence, if we make suppositions similar 
to those above we shall have, when the 
depth is uniform (or ^=:a constant) a?* 
varying as 6, or 

Hence the plan (Fig. 53) should consist 
I of parabolas with vertices at C. Jib fefi 
; constant then 

cP= cx^ or d^=^\/ ex* 

This is the equation of a straight line, and 
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Fig. 53. 



gives for the elevation the triangle (Fig. 54), 




Fig. 54. 

In Case IIL the analysis gives results 
^imilar to those in Cojse I, 

Thus from equation (21) S= — ^ . 

^j^ Here — ^ — is constant, and if c? be 

constant also, b must vary as x. 

,*. b = cx. 
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This gives the triangle A G H (Fig. 55.) 
We obtain similarly the triangle G C H for 
the other end of the beam. 




If the breadth be constant we have, 

cr= ex- 

which gives a parabola A K (Fig. 56) with 
vertex at A. So, for the right hand end 
of the beam the proper elevation is the 



83 



parabola C K (Fig. 56). The elevation 
(Fig. 56) assumes that the top of the beam 
needs to be horizontal. 




In Case i'K, equation (37) gives 

S= ^f 7. ' Here, if d be constant in 
a 

order to render S constant we have 

h = cx{l — x). 
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This may be represented by parabolas 
with vertices at G and H (Fig. 57) oppo- 
site the middle of the beam. If 6 is con- 
stant, then. 




Fig. 57. 

which is the equation of an ellipse, and 
the beam (if it is required to be horizontal 
on top) may be made as in (Fig. 58). 

In these cases of beams of uniform 
strength, we have so far only considered 
the moments of the weights or the bending 
moments as they are called. But the re- 
sults are to be modified by the transverse 
shearing stress. In ordinary rectangular 
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beams this shearing stress is so small 
compared with the bending moment, that 
it may be left out of consideration. But 
in beams of uniform strength the ends must 
not taper to a point, but must always be 
left large enough to bear the shearing 
stress. In the case represented in (Fig. 57) 
the beam should have, near the ends, the 
shape shown in (Fig. 59). 




Fig. 59. 
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DOUBLED FLANGED BEAMS. 

So far we have considered beams with 
rectangular cross sections, and beams of 
uniform strength deduced from these. We 
will not consider beams of x shape. 

It is evident from the investigation al- 
ready given of the condition of stress, in 
transversely loaded beams, that those por- 
tions of the beam nearest the centre bear 
but a small proportion of the stress, while 
the contrary is the case with the outside 
fibres. Hence we would gain strength by 
moving a considerable portion of that 
about the neutral axis and placing it on 
the top and bottom. 

The first form in which the idea was 
applied was in the T or j_ cast iron beam. 
The fact that rectangular cast-iron beam 
always broke by the tearing of the fibres 
on the side subjected to tension, suggested 
the idea of reinforcing that side of the 
beam with a flange. The results of this is, 
that the neutral axis still passing through 
the centre of gravity of the cross section, 



87 



the extreme fibres subjected to compression 
are farther off than those subjected to ten- 
sion, and consequently are strained more 
nearly to their full strength before fracture. 
This form of beam gives a large increase 
of strength for the same amount of iron. 

It was still plain that the fibres in that 
part of the web about the neutral axis were 
but little strained as compared with the 
fibres on the outside, and it was proposed 
to leave as little material there as possible, 
and to place the mass of it in two flanges 
( X ), one above and the other below, giv- 
ing to these flanges sizes inversely propor- 
tional to the tensile and compressive 
strength of the material. The question 
then was, how much of the material should 
be left in the web^ for plainly all could not 
be taken. The amount to be left is deter- 
mined by experiment. If the web is left too 
thin, the beam will twist and break under 
the shearing force, and in some cases, from 
the want of stiffness in the compressed 
flange. 

To simplify the calculations, the web is 
consid jred as bearing all the shearing stress, 
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and DO other, and the flanges as bearing 
all the extension and compression due to 
the bending moment ; and these parts 
should be proportioned accordingly with 
due reference to the practical difficulties 
that sometimes occur. The ordinary for- 
mulas for the strength of such beams are 
gotten by the following approximation : 
We first neglect the compressive and tensile 
forces of the web, which are small com- 
pared with those of the flanges, and con- 
sider it as bearing only the shearing stress. 
Then as the depth of the flanges is 
generally small as compared with the 
depth of the beam, we consider all the 
fibres in each flange as strained alike, and 
as bearing the average stress that is brought 
on that flange. (Fig. 60.) 

Tlie resultant of the force on each flange, 
then, is equal to the stress on a unit of sur- 
face (S) multiplied by the flange area (A): 
that is=S A. 

The point of application of the force will 
be at the middle of the depth of the flanges 
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Fig. 60. 
(at O and 0', Fig. 61). Fig. 61 shows the 
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Fig. 61. 
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forces we have to deal with in the Case 
corresponding to Case I. under rectangular 
beams. 
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Let 0' 0:^d. 

S' = stress on upper flange per unit 
of surface. 

S"= stress on lower flange per unit 
of surface. 

A" = area of lower flange. 

a' =area of upper flange. 

Then if we take O (Fig. 61) as a centre 
of moments we have ; 

— N (? — N'.O.+W x = (ButN=S' A') 
.' .S' A' d=Wx (57) 

If we take 0' as the centre of moments 
we will get 

S" A' d=Wx (58) 

The formula for shearing force is iden- 
tical with that under Case J. of rectangular 
beams; that is: 

T= W a; (59) 

If A' = A", then plainly S' = S" (from 
equations 57 and 58), or, the forces of 
tension and compression are equal (as in 
rectangular beams) ; but if A' and A" are 
nOt equal, we have : 
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A a A a 



That is, the unit stresses in the flanges are 
inversely as the areas. Now, to have the 
material distributed between the flanges 
most efficiently for strength the unit stress 
should be in proportion to the ultimate 
strength of the material against tension 
and compression, and hence the areas of 
the cross sections of the flanges should be 
inversely as the ultimate strength. 

Thus, if A D (Fig. 62) be of cast-iron, 
which is six times as strong against com- 
pression as against tension, the unit stress 
in the lower flange should be made six 
times as great as in the upper, and to effect 
this the area of the lower flange should be 
one-sixth that of the upper. 

The CasemvL nder x beams are similar to 
those under rectangular beams. 

Case L — Beams fixed at one end and 
loaded at the other. - 

S' A' e/ = W a:, and S" A" d = W x (60) 
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Cflwe i7. — Beams fixed at one end and 
loaded uniformly. 

S' Md = y^w ^, and S" A" ef = V, w a;« (61) 



Case III. — Beams supported at both ends 
and loaded at some intenhediate point. 
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(62) 

W.y.aj— W(aj— m; 6' A' d, or, =S" A" d 
it 

Case IV. — Beams supparted at both ends 
and loaded uniformly. 

S' A'ef=V8 w?^(^— «)=S" A" d v63) 

Case V. — A single moving load over a 
beam supported at both ends. 

8' A' d=^ - (l—x) =1 8" A" d (64 

V 

Case VL — A distributed moving load 
may be considered as included in Case 
IV. 

The formulae for shearing stress are 
identical with those in rectangular beams. 

The principles of the uniform strength 
of beams may be applied to flanged beams 
as they were to rectangular beams. The 
<liscussion is analogous to that already 
Avan, 
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MOMENT OF BESISTANOB OF BEAMS DBTEB- 
MINED 6EOMETBICALLT. 

The following method of obtaining the 
moment of resistance of beams is of easy 
application, and in many cases of unsym- 
metrical cross section is the simplest that 
can be used: 

1. For illustration, take a beam of rec- 
tangular cross section. Let G P (Fig. 63) 
be the cross section at some point of this 
beam. The stresses on the fibres, as we 
have already seen, increase just in propor- 
tion as we go from the neutral axis 
towards the upper or lower surface of the 
beam, and may for any vertical slice (as 
that at E F) be represented by the ordi- 
nates of two triangles, as shown in Fig. G4, 
where E I (=F J) represents the stress on 
the outside fibre. For the cross section G 
P (Fig. 03) the stresses will be represented 
by two wedges, the bases of which are G 
M and M R, and the elevations of which 
are the triangles shown in Fig. 64. The 
volumes of these wedges give the amount 
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of compressive and tensile force exerted at 
the cross section in question, and the 
points in G P under the centre of gravity 
of the wedges give the " centres of resist- 
ance," or the points of application of the 
resultants of these forces. 
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As a geometrical representation of the 
stresses on the fibres, these wedges are 
perfect, for the perpendicular ordinate of 
the wedge gives in every case the stress 
which exists in the fibre over which it 
stands. Thus the line T' V (Fig. 64) 
represents the stress on each fibre in the 
row T V (Fig. 63). 

But it is often difficult to find the centre 
of gravity of these wedges in the case of 
curved and irregular cross sections, and 
yet this must be done before we can know 
the lever-arms of the stresses. To render 
this easier to do we may represent the 
stresses, not by wedges, but by prisms^ 
the centres of gravity of which are over 
the centres of gravity of their bases. 

Thus, if in Fig. 65 we draw the two 
shaded tringles, and conceive prisms of a 
height = E I (the stress on the outside 
fibre, Fig. 64), to be constructed on them 
as bases, we shall have a geometrical 
representation of the stress on the sec- 
tion G P, less perfect in some respects 
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Fig. 65. 

than that given by the wedges but better 
suited to our purpose. 

For, note that, 

1. The volume of the prism G O H 
(Fig. 65) is equal to that of. the wedge 
G M (Fig. 63), and the volume of any 
part of the prism cut off by a plane 
parallel to the neutral axis, as that whose 
base ^' O v' is equal in volume to the 
corresponding part of the wedge T M, 
or since the height of the prism is con- 
stant, the stress on the surface G M as 
we go out from the neutral axis varies 
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as the area of the triangle which forms 
the base of the prism. 

2. The vertical slice of the prism stand- 
ing on any line t v represents in amount 
the stress on the line of fibres t i\ for this 
stress is equal to the corresponding one 
in the wedge, the slice of the prism being 
as much higher than that of the wedge 
as ^ V exceeds t' v\ Of course (except in 
the case of the outside fibres in the row 
G H) each ordinate in the slice of the 
prism no longer represents the stress on 
the fibre over which it stands, as was the 
case in the wedge. 

3. The moment of the tensile forces, 
for instance, will equal the area of the 
prism G O H multiplied by its height, 
(E I = stress on outside fibre = S). The 
centre of resistance of these forces, or 
the centre of gravity of the prism is at C 
(Fig. 65), the centre of gravity of the 
base G O H. The triangle G O H is 
sometimes called the "* effective area" of 
the surface G M, because a uniform stress 
on it of an intensity = the unit stress 
at G H gives the same amount of resist- 
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Fig. 66. 



ance, as that on the whole area G M, acted 
on as the latter is by a varying stress. 

Considering the stresses represented by 
the two prisms whose bases are G O H 
and R O P (Fig. 65), as concentrated at 
the centres of gravity C and C (Fig. 67) 
of these bases, and taking one of these 
points as C, (Fig. 67) as the centre of 
moments, we have in the case represented 
in the figure: 

(Vol. of prism G O H) X C C = W x 
or if 6 = breadth and ^ = depth of beam 
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Fig. 67. 

S(ibd),id=-^Sbd'=M = Wx (65) 

as before. 

Corollary, If the beam be square, 
b = dy and 



b 



m) 



II. As a second example, take a square 
beam so placed that its diagonal will be 
vertical. Fig. 68 is the cross section. 
Here we find the base of the prism of 
stress by points. To find the line in the 
base of the prism corresponding to the 
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Fig. 68. 

stress in any row of fibres, such as A B 
whose distance from the neutral axis is O 
X, proceed as follows : 

We see that if the cross section were 
the square of which H L M K is the 
half, then a' h' would be the line required, 
since this is the breadth at that point of 
the triangle H O K, which would in that 
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casQ represent the base of the prism of 
stress. Project the points A and B upon 
H K. Then the actual row (A B) of 
fi-bres is as much shorter than the corres- 
ponding row in the supposed section H 
M, as R T is less than H K, and conse- 
quently to obtain the proper line in the 
base of the true prism of stress, a' V must 
be shortened in this proportion. Draw 
lines from R and T to O. These lines 
intersect the row of fibres at a and h. 
Then 

HK: RT( = AB)::a'5': ah (67) 

Hence a 5 is the line required, and a and 
h are two points in the outline of the base 
of the prism of stress. Any number of 
lines as n Vy &c., may be gotten similarly 
and the curve drawn through the points 
a,.n,.b.,Vy &e., will give the form of the 
base of the prism of stress. This base is 
shaded in the diagram. 

For any ordinate of the curve O /i G, as 
a X, we have 

OX: aX:: O G: RG = AX 
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But A X = X G and making G O = "l" 

and putting O X = a; and a X =y, we 

have 

did' \ 

2 Kid- \ \ (68) 

This is the equation of a parabola with 
vertex at w, half way between H K and 
the neutral axis. Hence the base of each 
prism is composed of parts of two sym- 
metrical parabolas. 

Areas of the bases. Since the area of a 
parabola is two-thirds of the circumscrib- 
ing rectangle, the area of each base 

= '/^{G 0X710) 

But w V = VjR' T' and R' T =V, H K 

.-. nv = ^U H K = V, d' 

.•.Area = Vs.|-.4-=l^^' 

The centres of gravity of these bases 
(and consequently of the prisms) are at C 
and C^ and the distance 
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Hence the moment of resistance of the 
fibres about C or C is 

M=^Srf'» (69) 

(S=:height of prism or stress on external 
fibres at G and P.) 

Corollary, To compare the resistance 
of the beam in this position with its resist- 
ance when lying flat : 

Let cr=side of the square as L G. 
Then d'=d 4/2 and eq. (69) becomes 

M=^S</» 4/^=g^2Scf» (70) 

Comparing this with eq. (66), we see 
that the beam offers greater resistance 
when flat in the proportion of 

1 JL 

« * 6V2 

In solving problems with diagonally 
placed beams, place the above value of M 
equal to the moment of the weight as be- 
fore. 



lOo 



III. Let us apply this method to a T 
beam. Take for example the cast-i^on j_ 
beam, calculated in patt on p. 257 Ran- 
kine's Civil Engineering, in which the area 
of the flange = */g that of the web. As- 
sume the flange to be 6 inches by 1 inch, 
and the web to be 5 inches by .8 of an inch, 
and draw a figure of the cross section to 
scale (Fig. 69). 

1. As the top and bottom of this section 
is not symmetrical, it is necessary to find 
the position of the neutral axis, which ^s 
no longer at the half -depth. This may be 
done by calculation, or by a simple me- 
chanical process as follows : 

The centre of gravity of the cross section, 
since this last is symmetrical with regard 
to the vertical line through the middle of 
the web, must lie on this line. Cut accur- 
ately the figure of the cross section out of 
card board, or tin, or good paper, and 
suspend it freely by one end of the flange, 
suspending also from the same point a 
plummet. Mark the line of the plummet 
on the card board, and the centre of grav- 



Fig. 69. 

ity being on this line and also on the 
middle line of the web, will be at their 
intersection O. By meaaurement this 
point was found to be distant from A B 
four and three-tenths inches {i.3"), which 
is also the value by calculations. The 
line LM drawn through this point is the 
neutral axis. 
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2. To determine the bases of the prisms 
of stress. On the upper side the base is 
the triangle O A B, if the altitude be taken 
equal to the stress on the fibres along A B. 
For if L' M' H G were the upper half sec- 
tion, O G H would be the base of the 
prism and O A B is less than O G H, in 
the same proportion that L M A B, the 
real half section, is less than L' M' II G. 
Hence (if the upper be the compressed side) 
the total compressive force is equal to the 
prism erected on A O B, with the height 
equal to the unit stress at A B. 

Below the axis L M. — For convenience 
we should have the height of the tension 
prism equal to that of the compression one, 
and the base must be determined under 
this condition. Complete the large rec- 
tangle G H Q Y, making the distance of 
Q Y below 0=4.3 inches. Draw O Qand 
O Y and the shaded trapezoid J N R Z cut 
oui on the flange by these lines, will evi- 
dently be the portion of the base due to 
the fl^nsfp. Having prolonged the lines of 
the web to T and V, draw O T and O V, 
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and then the shaded triangle OKI will be 
that part of the base due to the portion (L 
Z) of the web below the neutral axis. 

The total tensile and compressive forces 
being always equal, and the height of the 
prisms having been assumed, each =S'= 
stress on fibres at the distance of A B from 
O, the bases of these prisms must be equal 
also. This necessary equality between the 
area of O A B and that ofOKI+JNRZ, 
affords a means of testing the accuracy of 
our work in finding the position of O. 

^. Area of base GAB. This is, 

= V,(LA X AB) = V»(4-3X.8) =1.7)2 sq. 

inches. 

4. To determine the distance C C (Fig. 
f)9) between the centres of gravity of the 
prisms, which distance is the lever-arm to 
to be used when one of these points is 
taken as the centre of moments. These 
iH^ntres of gravity (C and C) can be readily 
< U'tirrained by means similar to those em- 
ployed in finding the centre of gravity 
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of the cross-section itself. Thus, cut the 
shaded areas (Fig. 69) out of card board of 
paper, and suspending each of them from 
two points in sucession, draw vertical lines 
through the points of suspension. The in- 
tersection of these two lines gives the cen- 
tre of gravity. In the present case they 
may be so simply obtained by calculation 
that we adopt that method. The centre 
of gravity of A O B is =% the distance 
from OtoABorOG=% (4.3)= 2.87 in- 
ches. As to the shaded part below O, by 
using the ordinary formula for the centre 
of gravity and taking moments around O, 
we find the distance 

0C'= 

j ON RX?^(1.7)— (0 JK+QIZ)^^(.7) ) 
] ON R— ;> lO J K) J 

■ 2.2764— .01388 ., o-.o- , 
^ 2.0145-.2975 =^'^^^'^^^' 

Hence the distance 

CC'=0 C+0 a=2.87+ 1.318=4.18 ins. 
Hence, since S' is the height of the 
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prisms, the moment of resistance of the fi- 
bres is 

M=4.18xl.72S'=7.19S' 

« 

If it be desired to have M, not in terms 
of S', the stress along A B, but of S'^ the 
stress on the lowermost fibres (at F P), 
we have since the stresses increase directly 
with the distance from O, 

S' :S''::L'G :UF :: 4.3" :l.r 
.-. S'=2.53. S"andM=18.19.S" 

IV. As an -illustration of the great sav- 
ing of labor sometimes effected by this 
process, take the steel rail now widely used 
in England, the cross-section of which is 
given to scale in (Fig. 70). The determin- 
ation of the moment here by calculation 
would be long and tedious. The dimen- 
sions of the cross section are given on the 
figure. 

1. The centre of gravity O of the cross 
section is found by making a template as 
in the last case, and suspending it freely by 
a corner. The vertical through the point 



Fig. 70. 
of suspenaion intei-spcts A X at O, whicli is 
i.oh inchea below A. Through this poiti^ 
draw L M, the oeutral axis. 

3. The bases of the prisms of stress are 
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determined by points as in example 

n. 

Lay off OX=2.55 inches. Draw the 
rectangle G H Q Y. Assume the height 
of the prisms to be the stress in the fibre 
at A. Then proceeding as in example 11., 
the line of the base correspending to any 
row of fibres, as B D, is b d. Obtain any 
number of points in the same way as h and 
d^ and through these points draw a curve 
bounding the shaded figure A h Od. Simi- 
larly below the neutral axis, t v is the line 
in the base of the stress prism correspond- 
ing to T V, and the shaded figure O N R, 
is 'that base where the height is taken 
equal to the unit stress at A. The equality 
of the bases in area is the test of accuracy. 

3. To determine these areas. The simplest 
plan in the present case is first to find the 
area of the cross section itself. This is done 
as follows: The rail in question weighed 
84 lbs. per yard, and the steel, of which it 
was made weighed, .277 lb. per cubic inch. 
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Hence if A = area of cross section in square 
inches 

(36 . A).277=84. . • . A=:8.4 sq. inches. 

Now cut out of the same card hoard, or 
paper, templates of the two shaded parts 
in the diagram, and also of the cross section 
itself, and weigh them. The ratio of the 
weights will equal that of the areas. 

The comparison of weights may he 
readily made hy the means of a suspended 
wire, which may serve as a temporary bal- 
ance, the templates to be compared being 
stuck on the opposite ends, and one or both 
moved until the wire is evenly balanced. 
The weights of the templates being in- 
vesely as their distances from the point of 
suspension of the wire, their areas will be 
in the same proportion. The areas of the 
prisms in the case before us were found to 
be equal each to 2.49 square inches. 

4. The centres of gravity of these bases 
are found in the same way as that of the 
cross section itself. The point C was thus 
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found to be 1.84 inches above. O and C 
to be 1.66 inches below it. Hence the dis- 
tance 

C C'=3.o inches. 

Therefore, finally, if S'=unit stress at 
A, the moment of resistance is, 

M=2.49 X 3.5 xS'=8.715. S' 

If we desire M in terms of S" (stress at 
F P, we have 

S' : S" : : 1^84 : 1,66 
.•.S'=1.11S" .-.1^1=9.67 8" 

V. A circular cross section (Fig. 71). 
Here the neutral axis of course=L M, pass- 
ing through the centre. Draw the circum- 
scribing rectangle G Y and obtain the 
points ^, h, Vy d^ &c., in the curve bound- 
ing the base, as heretofore. Through the 
points so found draw the curves. 

Determine the areas of the bases of the 
stress prisms by comparing them with the 
half-square G L M H. Thus, if a template is 
cut to the surface of one of these bases it 
will just equal in weight the template cut 



Fig. 71. 
to the surface A G L O i 6 A, or, in other 

words, the shaded surface AbOdA iajust 

one-third of the rectangle G M, or '/.--^ = 



The centres of gravity C and C are 
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found as before by means of templates. 
In this way it was found that 

OC=OC'=.587 (O A) =.587.^ 

.•.CC'=.587rf 

The height of the prisms being S (= 
stress at A or P) the moment of resistance 
is, 

M=S.-f^(.587 d) =.0978 d^ S 

(The accurate value by calculation is 

M=.0982 d^ S.) 

Note. — The curve of the base of the 
prisms is a lemniscate. To find its equation 
we have in the triangles O 5 X' and O B'A, 

bX' : AB'(=BX') ::OX':OA 

And taking the vertical axis as that of X, 
and the horizontal one, as that of Y, the 
origin being at O, and calling the co- 
ordinates of the circle x' and y\ and those 
of the lemniscate x and y we have : 



y: y'xix: R, or y: y^R* — x^::xi R 
. • . RV= aJ (R*—ajO. 
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tricity. For the use of Students and Engineers, 
zamoj cloth z 50 

BLYTH (A. WYNTER, M.R.C.Sm F.C.S.) Foods : their 

Compositions and Analysis. Crown 8vo, cloth 6 00 

Poisons : their Effects and Detection. Crown Svo, 

cloth 6 00 

BODMBR (G. R.) Hydraulic Motors; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers, and Students. With numerous illustra- 
tions, lamo, cloth , ....500 

BOTTONB (S. R.) Electrical Instrument Making for 

Amateurs. With 48 illustrations, zamo, cloth 50 

Electric Bells, and all about them. Illustrated, 
zamo, cloth 50 

The Dynamo : How Made and How Used. lamo, 
cloth X oo 

Electro Motors: How Made and How Used. lamo. 
cloth t 50 

BONNEY (G. E.) The Electro-Platers* Hand-book. 60 
Illustrations, xamo, cloth.... x 90 

BOW (R. H.) A Treatise on Bracing. With its applica- 
tion to Bridges and other Structures of Wood or iron. 
X56 illustrations. Svo, cloth i 50 

BOWSER (Prof. E. A.) An Elementary Treatise on 
Analytic Geometry. Embracing plain Geometry, and 
an Introduction to Geometry ot three Dimensions, 
zamo, cloth. Thirteenth edition z 75 

An Elementary Treatise on the Differential and 
Integral Calculus. With numerous examples, zamo, 
cloth. Twelfth edition 335 

An Elementary Treatise on Analvtic Mechanics. 
With numerous examples, zamo, cloth. Fifth edi- 
tioo 300 
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BOWSER (Prof. E A.) An Elementary Treatise on 
Hydro-mechanics. With numerous examples. laOio, 
cloth. Third edition 25c 

BOWIK (AUG. J.. Jun., M. E.) A Practical Treatise oo 
Hydraulic Mining in California. With Description of 
the Use and Construction of Ditches, Flumes, 
Wrouth'-iroo Pipes, and Dams; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, to Minini;. Third edition. Small quarto, 
cloth. Illustrated 5 oc 

BURGH (N. P.) Modern Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 36 
colored plates, 259 practical woodcut illustrations, and 
403 pages of descriptive matter. Thick 4to vol., half 
morocco 1000 

BURT (V/ A.) Key to the Solar Compass, and Survey- 
01 9 Companion. Comprising all the rules necessary 
tor use in the field. Pocket-book form, tuck 2 50 

CALDWELL (Prof. GEO. C, and BRENEMAN (Prof. 
A. A.) Manual of Introductory Chemical Practice. 
8vo, cloth. Illustrated i 5c 

CAM PIN (FRANCIS). On the Construction of Iron 
Roofs. A Theoretical and Practical Treatise, with 
wood-cuts and plates of Roofs recently executed. 8vo, 
cloth 3 oc 

CLEEMAN (THOS. M.) The Railroad Engineer's Prac- 
tice. Being a Short but Complete Uescripiion of the 
Duties of the Young Engineer in the Preliminary and 
Location Survevs and in Construction. Fourth edition, 
revised and enlarged. Illustrated, i^mo, cloth. .\.. .. 200 

CLARK (D. KINNEAR, C.E.) A Manual of Rules, 
Tables and Data for Mechanical Engineers. Illus> 
trated with numerous diagrams. 1012 pages. 8vo, 

cloth 5 oc 

Half morocco 750 

— Fuel ; its Combustion and Economy, consistlne of 

abridgments of Treatise on the Combustion of C!oal. 
By C. W. Williams ; and the Economy of Fuel, by 
T. S. Prideaux. With extensive additions in recent 
practice in the Combustion and Economy of Fuel, 
^oal, Coke, Wood, Peat, Petroleum, etc. i2mo, cloth, x 50 
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tl.ARK (D. KINNEAR. C.E.) The Mechanical En- 
gineer's Pocket Book of Tables, Formulae, Rules, 
and Data. A Handy Book of Reference for Dai'.v 
Use 11 Engineering Practice. i6rao, morocco 3 00 

»■* (JACOB M.) A new System of Laying Out Rail- 
way Turn-ouis instantly, by inspection from tables. 
i2mo, leatherette 1 00 

CLEVENGER (S. R.) A Treatise on the Method of 
Government Surveying as prescribed by the U. S. 
Congress and Commissioner of the General Land 
Office. i6mo, morocco 2 50 

COLBURN (ZERAH). The Gas-Works of London. 

i2mo, boards 60 

COLLINS (JAS. E.) The Private Book of Useful Alloys 
and Memoranda for Goldsmiths, Jewellers, etc. i8mo, 
cloth ., so 

CORNWALL (Prof. H. B.) Manual of Blow pipe An- 
alysis. Qualitative and Quantitative. With a Com- 

• plete System of Descriptive Mineralogy. 8vo, clcth, 

with many illustrations 3 50 

CRAIG (B. F.) Weights and Measures. An account of 
the Decimal System, with Tables of Conversion for 
Commercial and Scientific Uses. Square 32mo, limp 
cloth 50 

CROCKER (F. B.) and WHKELER (S. S.) The Practical 
Management of Dynamos and Motors. Second edition, 
revised. lamo, cloth. Illustrated 100 

GUMMING (LINNiEUS, M.A.) Electricity treated 
Experimentally. For the use of Schools aiul Stu- 
dents. New edition. i2mo, cloth $1 50 

DIXON (D. B ) The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
General Information applicable to Shop-Tools, Mill- 
Gearing, Pulleys and Shafts, Steam Boilers and En- 
gines. Embracing valuable Tables and Instruction 
in Screw cutting, Valve and Link Motion, etc. i6mo, 
full morocco, pocket form 2 -jo 

DOPD (GEO.) Dictionary of Manufactures, Mining, 

Machinery, and the Industrial Arts, izmo, cloth 1 50 
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DORR (B. F ) The Surveyor's Guide and Pocket Table 

book. i8mo, morocco naps. Second edition a oo 

DUBOIS (A. J.) The New Method of Graphic Statics. 

With 60 illustrations. 8vo, cloth x 50 

EDDY (Prof. H. T.) Researches in Graphical SUtics. 
Embracing New Constructions in Grsiphical Statics, a 
New Genei^l Method in Graphical Statics, and the 
Theory of Internal Stress in Graphical Statics. 8vo, 
cloth I 50 

■ Maximum Stresses under Concentrated Loads. 
Treated graphically. Illustrated. Svo, cloth 150 

SISSLER (M.) The Metallurgy of Gold; a Practical 
Treatise on the Metallurgical Treatment of Gold- 
Bearing Ores. 187 illustrations. i2mo, cl 5 00 

——— The Metallurgy of Silver; a Practical Treatise on 
the Amalgamation, Roasting, and Lixiviation of 
Silver Ores. 124 illustrations. 12 mo, cloth 400 

- The Metallurgy of Argentiferous Lead ; a Practi- 
cal Treatise on the Smelting of Silver Lead Ores and , 
the refining of Lead Bullion. With 183 illustrations. 
Svo, cloth 500 

ELIOT (Prof. C. W.) and STORER (Prof F. H.) A 
Compendious Manual of Qualitative Chemical An- 
alys s Revised with the co-operation of the authors, 
by Prof. William R. Nichols. Illustrated. 17th edi- 
tion. Newly revised by Prof. W. B. Lindsay. i2mo, 
cloth X 50 

EVERETT (J. D.) Elementary Text-book of Physics. 

Illustrated. i2mo, cloth 140 

FANNING (J T.) A Practical Treatise on Hydraulic 
and Water-suf>ply Engineering. Relating to the 
HydroloBfv. Hvdroflynamics, and Practical Construc- 
tion of Waterworks in North America. Illustrated. 
Svo, cloth 500 

FISKE (Lieut. BRADLEY A., U. S. N.) Electricity in 
Theory and Practice ; or. The Elements of Electrical 
Engineering. Svo, cloth 250 

FLEMING (Prof. A. J.) The Alternate Current Trans- 
former in Theory and Practice. Vol. I.— The Induc- 
tion of Electric Currents. Illustrated. Svo, cloth. ... 3 00 
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FOLEY (NELSON), and THOS. PRAY, Jr. The Me- 
chanipal Engineers* Reference-book for Machine and 
Boiler Construction, irt two parts. Part I— General 
Engineering Data. Part 2— Boiler Construction. 
With fifty-one plates and numerous illustrations, 
specially drawn lor this work. Folio, half mor 25 00 

FORNEY (MATTHIAS N.) Catechism of the Locomo- 
tive. Revised and enlarged. 8vo, cloth 3 50 

POSTER (Gen. J. G., U. S. A.) Submarine Blasting in 
Boston Harbor, Massachusetts. Removal of Tower 
and Corwin Rocks. Illustrated with 7 plates. 4to, 
cloth 3 so 

FRANCIS (Jas. B., C.E.) Lowell Hydraulic Experi- 
ments. Being a selection from experiments on Hy- 
draulic Motors, on the Flow of Water over Weirs, m 
open Canals of uniform rectangular section, and 
through submerged Orifices and diverging Tubes. 
Made at Lowell, Mass. Illustrated. 4to, cloth 15 00 

GBRBER (NICHOLAS). Chemical and Physical An- 
alysis of Milk, Condensed Milk, and Infant's Milk- 
Food. 8vo, cloth X as 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hydraulic 
Cements, and Mortars. With numerous illustratiocs. 
8vo, cloth : 4 00 

Practical Treatise on the Construction of Roads, 

Streets, and Pavements. With 70 illustratiorAS. 
i2mo, cloth 3 00 

- Report on Strength of the Building-Stones in the 

United States, etc. Illustrated. 8vo, cloth x 00 

GOODEVE (T. M.) A Text-book on the Steam-Engine 
With a Supplement on Gas-Engines. 143 illustrations. 
Z2mo, cloth . . .' a 00 

GORB (G., F.R.S.) The Art of Electrolytic Separation 
of Metals, etc. (Theoretical and Practical.) Illus- 
trated. 8vo, cloth 3 5ft 

GORDON (J. E. H.) School Electricity. Illustrations. 

lamo, cloth 200 
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GRIMSHAW (ROBERT, M.E.) The Steam Boiler. 
Catechism. A Practical Book for Steam Eng-ineers, 
Firemen and Owners and Makers of Boilers of any 
kind. Illustrated. Thick i8mo, cloth 

GRIFFITHS (A. B., Ph.D.) A Treatise on Manures, or 
the Philosophy of Manuring-. A Practical Hand-book 
for the Agriculturist, Manufacturer, and Student. 
i2mo, cloth 3 CO 

GRUNER (M. L.) The Manufacture of Steel. Trans- 
lated from the French, by Lenox Smith ; with ^n 
appendix on the Bessemer p-ocess in the United States, 
by the translator. Illustrated. 8vo, cloth 3 50 

GURDEN (RICHARD LLOYD). Traverse Tables: 
computed to 4 places Decimals for every ° of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New edition. Folio, half mor 750 

HALSEY (F. A.) Slide-valve Gears, an Explanation of 
the Action and Construction of Plain and Cut-off Slide 
Valves. Illustrated, izmo, cloth. Second edition., i 50 

HAMILTON (W. G.) Useful Information for Railway 
Men. Tenth edition; revised and enlarged. 562 
pages, pocket form. Morocco, gilt . . . .• 2 00 

HARRISON (W. B.) The Mechanics' Tool Book. With 
Practical Rules and Suggestions for use of Machin- 
ists. Iron-Workers, and others. Illustrated with 44 
engravings. i2rao, cloth 150 

HASKINS (C. H.) The Galvanometer and its Uses. A 

Manual for Electricians and Students. i2mo, cloth., i 50 

HAWKINS (C. Oand WALLIS (F.) The Dynamo. Its 

Tht-Dry, Design and Manufacture. 8vo, cloth, 190 ills. 3 00 

HEAP (Major D. P., U. S. A.) Electrical Appliances of 
the Present Day. Report of the Paris Electrical Ex- 
position of 1881. 250 illustrations. 8vo, cloth. a 00 

HOUSTON (E. J ^ Dictionary of Electrical Words, 
Tf -ins and Phrases. Third edition, revised and en- 
larged, bvo, cloth 500 
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HERRMANN (GUSTAV). The Graphical Statics of 
Mechanism. A Guide for the Use of M::?hinists, 
Architects, and Engineers ; and also a Text-book for 
Technical Schools. Translated and annotated by 
A. P. Smith, M.E. lamo, cloth, 7 folding plates 2 00 

HEWSON (WM.) Principles and Practice of Embanking 
Lands from River Floods, as applied to the Levees of 
the Mississippi. 8vo, cloth 200 

HENRICI (OLAUS). Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. Illustrated . . i 50 

HOBBS (W. R. P.) The Arithmetic of Electrical Meas- 
urements, with numerous examples. i2mo, cloth — 50 

HOLLEY (ALEXANDER L.) Railway Practice. Amer- 
ican and European Railway practice in the Economi- 
cal Generation of Sieam, including the Materials and 
Construction of Coal-burning^ Boilers, Combustion, 
the Variable Blast, Vaporization, Circulation, Super- 
heating, Supplying^ and Heating Feed-water, etc., 
and the Adaptation of Wood and Coke-burning 
Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers. Rails, Joint Fastenings, 
Street Railways, etc. With 77 lithographed plates. 
Folio, cloth 12 00 

HOLMES (A. BROMLEY). The Electric Light Popu- 
larly Explained. Fifth edition. Illustrated. i2mo, 
paper 40 

HOWARD (C. R.) Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing Sim- 
ple and Labor-saving Method of obtaining Prismoidal 
Contents directly from End Areas. Illustrated by 
Examples and accompanied by Plain Rules for Practi- 
cal Uses. Illustrated. 8vo, cloth 150 

HUMBER (WILLIAM, C. E.^ A Handy Book for the 
Calculation of Strains in Girders, and Similar Struct- 
ures, and their Strength ; Consisting of Formulae and 
Corresponding Diagrams, with numerous details for 
practical application, etc. Fourth edition. i2mo, 
cloth 2 50 

BUTTON (W. S.) Steam-Boiler Construction. A Prac- 
tical Hand-book for Engineers, Boiler Makers, and 
Steam Users. With upwards of 300 illustrations. 
8vo, cloth 7 00 
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ISHERWOOD (B. F.) Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustrations. 
3 vols, in I. 8vo, cloth 250 

JAMIESON (ANDREW, C.E.) A Text-book on Steam 
and Steam-Engines. Illustrated. i2mo, cloth 3 00 

JANNETTAZ (EDWARD). A Guide to the Determina- 
tion of Rocks ; being an Introduction to Lithologv. 
Translated from the French by Professor G. W. 
Plympton. izmo, cloth , 150 

JONES (H. CHAPMAN). Text-book of Experimental 

Organic Chemistry for Students. i8mo, cloth i 00 

JOYNSON (F. H.) The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. i2mo, 
cloth 75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth. 2 00 

KANSAS CITY BRIDGE (THE). With an Account of 
the Regimen of the Missouri River and a Description 
of the Methods used for Founding in that River. By 
O. Chanute, Chief Engineer, and George Morrison, 
Assistant Engineer. Illustrated with 5 lithographic 
views and 12 plates of plans. 4to, cloth 6 00 

KAPP (GISBERT, C.E.) Electric Transmission of 
Energ[y and its Transformation, Subdivision, and Dis> 
tribution. A Practical Hand-book. i2mo, cloth 300 

KEMPE (H. R.) The Electrical Engineer's Pocket 
Book of Modern Rules, Formulae, Tables, and Data. 
Illustrated. 32mo, mor. gilt x 75 

KENNELLEY (A. E.) Theoretical Elements of Electro- 
Dynamic Machinery. Vol. I. Illustrated. 8vo, cloth, i 50 

KING (W. H.) Lessons and Practical Notes on Steam. 
The Steam-Engine, Propellers, etc., for Young Ma- 
rine Engineers, Students, and others. Revised by 
Chief Engineer J. W. King, United States Navy. 
8vo, cloth 2 00 

KIRKALDY (WM. G.) Illustrations of David Kir- 
kaldy^s System of Mechanical Testing, as Originated 
and Carried On by him during a Quarter of a Century. 
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Comprising a Large Selection of Tabulated Results, 
showing the Strength and other Properties of Ma- 
terials used in Construction, with Explanatory Text 
and Historical Sketch. Numerous engravings and 35 
lithographed plates. 4to, cloth 3500 

KIRKWOOD (JAS. P.) Report on the Filtration of 
River Waters for the supply of Cities, as practised in 
Europe. Illustrated by 30 double-plate engravings. 
4to, cloth . . .15 00 

LARRABEE (C. S.) Cipher and Secret Letter and Tele- 
graphic Code, with Hog^s Improvements. z8mo, 
cloth io 

LARDEN (W., M. A.) A School Course on Heat, zamo, 
half leather a 00 

LEITZE (ERNST). Modern Heliographic Processes. 
A Manual of Instruction in the Art of Reproducing 
Drawings, Engravings, etc., by the action of Light. 
With ^2 wood-cuts and ten specimens of Heliograms. 
8vo, cloth. Second edition 3 00 

LOCKWOOD (THOS. D.) Electricity, Magnetism, and 
Electro-Telegraphy. A Practical Guide for Students, 
Operators, and Inspectors. 8vo, cloth. Third edi- 
tion a 50 

LODGE (OLIVER X,) Elementary Mechanics, includ- 
ing Hydrostatics and Pneumatics. Revised edition. 
i2mo, cloth I ao 

LOCKE (ALFRED G. and CHARLES G.) A Practical 
Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to Scale Measure- 
ments, rnd other Illustrations. Royal 8vo, cloth 15 00 

LOVELL (D. H.) Practical Switch Work. A Hand- 
book for Track Foremen. Illustrated. i2mo, cloth., i 50 

LUNGE (GEO.) A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali with 
the Collateral Branches. Vol. I. Sulphuric Acid, 
Second edition, revised and enlarged. 343 Illustra- 
tions. 8 vo., cloth 1500 

* and HUNTER F.) The Alkali Maker^s Pocket- 

Book. Tables and Analytical Methods for Manufac- 
turers of Sulphuric Acid, Nitric Acid, Soda, Potash 
and Ammonia. Second edition, izmo, cloth 300 
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MACCORD <Prof. C. W.) A Pracucal Treatise on the 
Slide- Valve by Eccentrics, examining by methods the 
action of the Eccentric upon the Slide- Valve, and 
explaining the practical processes of laying out the 
movements, adapting the Valve for its various duties 
in the Steam- Engine. Illustrated. 4to, cloth. 2 go 

MAYER (Prof. A. M.) Lecture Notes on Physics. 8vo. 

cloth .2 00 

Mcculloch (Prof. R, S.) Elementary TreaUse on the 
Mechanical Theory of Heat, and its application to Air 
and Steam Engines. 8vo, cloth 3 50 

MERRILL (Col. WM. E., U. S. A.) Iron Truss Bridges 
for Railroads. The method of calculating strains in 
Trusses, with a careful comparison of the most promi- 
nent Trusses, in reference to economy in combination, 
etc. Illustrated. 4to, cloth 500 

METAL TURNING. By a Foreman Pattern Maker. 

Illustrated with 81 engraving^. i2mo, cloih i 50 

MINIFIE(WM.) Mechanical Drawing. A Text-book of 
Geometrical Drawing for the use of Mechanics and 
Schools, in which the Definitions and Rules of Geom- 
etry are familiarly explained ; the Practical Problems 
are arranged from the most simple to the more com- 
plex, and in their description technicalities are avoided 
as much as possible. With illustrations for Drawing 
Plans, Sections, and Elevations of Railways and Ma- 
chinery ; an Introduction to Isometrical Drawing, and 
an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. 
With an appendix on the Theory and Application of 
Colors. 8vo, cloth 4 00 

Geometrical Drawing. Abridged from the octavo 

edition, for the use of schools. Illustrated with 48 
steel plates. Ninth edition. i2mo, cloth 2 00 

MODERN METEOROLOGY. A Series of Six Lectures, 
delivered under the auspices of the Meteotological 
Society in 1878- Illustrated. i2mo, cloth 150 

MOONEY (WM.) The American Gas Engineers' and 
Superiniendenis' Hand-book, consisting of Rules, 
Reference Tables, and original matter pertaining to 
the Manufacture, Manipulation, and Distribution of 
Illuminating Gas. Illustrated. lamo, morocco 300 
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MOTT (H. A., Jun ) A Practical Treatise on Chemistrjr 
(Qualitative and Quantitative Analysis), Stoichi- 
ometry, Blow-pipe Analysis, Mineralogy, Assa3ring, 
Pharmaceutical Preparations, Human Secretions, 
Specific Gravities. Weights and Measures, etc. New 
Edition, 1883. 650 pages. 8vo, cloth 4 00 

MULLIN (JOSEPH P , M.E.) Modern Moulding and 
Pattern-making. A Practical Treatise upon Pattern- 
Shop and Foundry Work : embracing the Moulding 
of Pulleys, Spur Gears, Worm Gears, Balance-wheels, 
Stationary Engine and Locomotive Cylinders, Globe 
Valves, Tool Work, Mining Machinery, Screw Pro- 
pellers, Pattern-shop Machinery, and the latest im- 
provements in English and American Cupolas ; 
together with a large collection of original and care- 
fully selected Rules and Tables for every-day use in 
the Dravying Office, Pattern-shop, and Foundry. 
i2mo, cloth, illustrated 250 

MUNRO (JOHN, C.E.) and JAMIESON (ANDREW, 
C.E.) A Pocket book of Electrical Rules and 
Tables for the use of Electricians and Engineers. 
Seventh edition, revised and enlarged. With numer- 
ous diagrams. Pocket size. Leather 2 50 

MURPHY (J. G., M.E.> Practical Minine. A Field 
Manual for Mining Engineers. With Hints for In- 
vestors in Mining Properties. i6mo, morocco tucks. . x 50 

NAQUET (A.) Legal Chemistry. A Guide to the De- 
tection of Poisons, Falsification of Writings, Adulter- 
ation of Alimentary and Pharmaceutical Substances, 
Analysis of Ashes, and examination of Hair, Coins, 
Arms, and Stains, as applied to Chemical Jurispru- 
dence, for the use of Chemists, Physicians, Lawyers, 
Pharmacists and Experts. Translated, with addi- 
tions, including a list of books and memoirs on Toxi- 
cology, etc., from the French, by J. P. Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., 
M.D., LL.D. lamo, cloth 300 

NEW ALL (J. W.) Plam Practical Directions for Draw- 
ing, Sizing and Cutting Bevel-Gears, showing how the 
Teeth may be cut in a plain Milling Machine or Gear 
Cutter so as to give them a correct shape, from end 
to end : and showing how to pet out all particulars for 
the Workshop without making any Drawings. In- 

51uding a full set of Tables of Reference. Folding 
^lates, Svo., cloth 3 00 
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NEWLANDS (JAMES). The Carpenter's and Joiners' 
Assistant : being a Comprehensive Treatise on the 
Selection, Preparation and Strength of Materials, and 
the Mechanical Principles of Framing, with their 
application in Carpentry, Joinery, and Hand-Railing ; 
also, a Complete Treatise on Sines ; and an illustrated 
Glossary of Terms used in Architecture and Building. 
Illustrated. Folio, half mor 15 00 

NIBLETT (J. T.) Secondary Batteries. Illustrated. 

i2mo, cloth X 50 

NIPHER (FRANCIS E., A.M ) Theory of Magnetic 
Measurements, with 'an appendix on the Method of 
Least Squares, izmo, cloth i 00 

NOAD (HENRY M.) The Students' Text-book of Elec- 
tricity. A new edition, carefully revised. With an 
Introduction and additional chapters by W. H. 
Preece. With 471 illustrations. i2mo, cloth 4 00 

NUGENT (E.) Treatise on Optics ; or, Li^ht aiid Sight 
theoretically and practically treated, with the appli- 
cation to Fine Art and Industrial Pursuits. With 103 
illustrations, izmo, cloth i 50 

PAGE (DAVID). The Earth's Crust, a Handy Outline 

of Geology. i6mo, cloth 75 

PARSONS (Jr., W. B., C.E ) Track, a Complete Man- 
ual of Maintenance of Way, accordinpf to the I.atest 
and Best Practice on Leading American Railroads. 
Illustrated. 8vo, cloth 200 

PEIRCE (B.) System of AnalyUc Mechanics. 4to, 

cloth 10 00 

PHILLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise for the use of Analytical Chemists, 
Engineers, Iron Masters, Iron Founders, students and 
others. Comprising methods of Analysis and Valu- 
ation of the principal materials used in Engineering 
works, with numerous Analyses, Examples and Sug- 
gestions. 314 Illustrations. 8vo, cloth 400 

PLANE TABLE (THE). Its Uses m Topographical 

Surveying. Illustrated. 8vo, cloth 300 

PLATTNER. Manual of Qualitative and Quantitative 
Analysis with the Blow-pipe. From the last German 
edition, revised and enlarged, by Prof. Th. Richter, 
of the Royal Saxon Mining Academy. Translated by 
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Prof. H. B. Cornwall, assisted by John H. Caswell. 
Illustrated with 87 wood-cuts and one lithogrraphic 
plate. Fourth edition, revised. 560 pages. 8v6, 
cloth 5 00 

PLANTE (GASTON). The Storagre of Electrical En- 
ergy, and Researches in the Effects created by Cur- 
rents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwcll. 89 
illustrations. 8vo 4 o» 

PLYMPTON (Prof. GEO. W.) The Blow-pipe. A 
Guide to its use in the Determination of Salts and 
Minerals. Compiled from various sources, zsmo, 
cloth T 50 

POCKET LOGARITHMS to Four Places of Decimals, 
including Logarithms of Numbers and Logarithmic 
Sines and Tangents to Single Minutes. '1 o which is 
added a Table of Natural Sines, Tangents and Co- 
Tangents. 1 6mo, boards 50 

POPE (F. L.) Modern Practice of the Electric Tele- 
graph. A Technical Hand-book for Electricians, 
Managers and Operators. New edition, rewritten 
and enlarged, and fully illustrated. 8vo, cloth i 50 

PRAY (Jr., THOMAS). Twenty Years with the Indi- 
cator ; being a Practical Text-book for the Engineer 
or the Student. Illustrated* 8 vo, cloth 2 50- 

PRACTICAL IRON-FOUNDING. By the author of 
" Pattern Making," etc., etc. Illustrated with over one 
hundred engravings. lamo, cloth i 50 

PREECE (W H.) and STUBBS (A. J.) Manual of Tele- 
phony. Illustrations and Plates. i2mo, cloth 45a 

PRESCOTT (Prof. A. B.) Organic Analysis. A Manual 
of the Descriptive and Analytical Chemistry of certain 
Carbon Compounds in Common Use ; a Guide in the 

Qualitative and Quantitative Analysis of Organic 
laterials in Commercial and Pharmaceutical Assays, 
in the estimation of Impurities under Authorized 
Standards, and in Forensic Examinations for Poisons, 
with Directions for Elementary Organic Analysis. 
8vo, cloth 500 

— Outlines of Proximate Organic Analysis, for the 
Identification, Separation, and Quantitative Deter- 
mination of the more commonly occurring Organic 
Compounds. i2mo, cloth 175 
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PRESCOTT (Prof. A. B.) First Book in Qualitative 

Chemistry. Fifth edition. i2mo, cloth x 50 

and OTIS COE JOHNSON. Qualitative Chemical 

Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Revised edition 
With Descriptive Chemistry extended throujfhout 3 50 

PRITCHARD (O. G.) The Manufacture of Electric 

Ligrht Carbons. Illustrated. 8vo, paper 60 

PULSIFER (W. H.) Notes for a History of Lead. 8vo, 

cloth, gilt tops 40® 

PYNCHON (Prof. T. R.) Introduction to Chemical 
Physics, designed for the use of Academies, Colleges, 
ana 11'.^*. Schools. 369 illustrations on wood. Crown 
8vo, cloth 3 00 

RANDALL (J. E.) A Practical Treatise on the Incan- 
descent iJimp. Illustrated. i6mo, cloth 50 

. (P. M.) Quartz Operator's Hand-book. New edi- 
tion, revised and enlarged, fully illustrated. lamo, 
cloth 2 00 

RAFTER (GEO. W.) Sewage Disposal in the United 

States. Illustrated. 8vo, cloth 6 00 

RANKINE (W. T. MACQUORN, C.E., LL.D., F.R.S.) 
Applied Mechanics. Comprising the Principles of 
Statics and Cinematics, and Theory of Structures, 
Mechanism, and Machines. With numerous dia- 
grams. Thoroughly revised by W. J. Millar. Crown 
8vo, cloth S 00 

• Civil Engineering. Comprising Engineering Sur- 
veys, Earthwork, Foundations, Masonry. Carpentry, 
Metal-work, Roads, Railways, Canals, Rivers, Water- 
Works, Harbors, etc. With numerous tables and 
illustrations. Thoroughly revised by W. J. Millar. 
Crown 8vo, cloth 6 50 

Machinery and Millwork. Comprising the Geom- 

trv. Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 300 
woodcuts. Thoroughly revised by W. J. Miller. 
Crown 8vo, cloth 5 00 

The Steam-Engine and Other Prime Movers. 

With diagram of the Mechanical Properties of Steam, 
folding plates, numerous tables and illustrations. 
Thoroughly revised by W. J. Millar. Crown 8vo. 
cloth 



• • 



5 00 
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RANKINE (W. J. MACQUORN, C.E., LL.D., F.R.S.) 
Useful Rules and Tables for Engineers and Others. 
With Appendix, tables, tests, and formulae for the use 
of Electrical Engineers. Comprising Submarine 
Electrical Engineering, Electric Lighting, and Trans- 
mission of Power. By Andrew Jamieson, C.E., 
F.R.S.E. Thoroughly revised by W. J. Millar. 
Crown 8vo, cloth 4 oo 



A Mechanical Text-book. By Prof. Macquorn 



Rankine and E. F. Bamber, C.E. With numerous 
illustrations. Crovjn, 8vo, cloth 3 50 

REEDS ENGINEERS' HAND-BOOK, to the Local 
Marine Board Examinations for Certificates of Com- 
petency as First and Second Class Engineers. By 
W. H. Thorn. Illustrated. 8vo, cloth 4 50 

RICE (Prof. J. M.) and JOHNSOM (Prof. W. W.) On a 
New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian Con- 
ception of Rates or Velocities. \ i2mo, paper 50 

RIPPER (WILLIAM). A Course of Instruction in Ma- 
chine Drawing and Desifj^n for Technical Schools and 
Engineer Students. With 52 plates and numerous 
explanatory engravings. Folio, cloth 7 50 

ROEBLING (J. A.) Lon^ and Short Span Railway 
Bridges. Illustrated with large copperplate engrav- 
ings of plans and views. Imperial folio, cloth 25 00 

ROGERS (Prof. H. D.) The Geology of Pennsylvania. 
A Government Survey, with a General View of the 
Geology of the United States, essays on the Coal 
Formation and its Fossils, and a description of the 
Coal Fields of North America and Great Britain. 
Illustrated with plates and engravings in the'text. 3 
vols. 4to, cloth, with portfolio of maps 15 00 

ROSE (JOSHUA, M.E ) The Pattern-makers' Assistant. 
Embracing Lathe Work, Branch Work, Core Work, 
Sweep Work, and Practical Gear Constrlictions, the 
Preparation and Use of Tools, together with a large 
collection of useful and valuable Tables. Sixth 
edition. Illustrated with 250 engravings. 8vo, cloth, a 50 

Key to Engines and Engine-Running. A Practi- 
cal Treatise upon ihe Management of Steam Engines 
and Boilers, for the Use of Those who Desire to Pass 
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an Examination to Take Charge of an Bnnne or 
Boiler. With numerous illustrations, and Instruc- 
tions upon Engineers' Calculations, Indicators, Dia- 
frams. Engine Adjustments, and other Valuable 
nformation necessary for Engineers and Firemen. 
• lamo.cloth. 300 

SABINE (ROBERT). History and Progress of the 
Electric Telegraph. With descripuons of some of 
the apparatus. i2mo, cloth. « ^S 

SAELTZER (ALEX.) Treatise on Acoustics in connec- 
tion with Ventilation, lamo, cloth zoo 

SALOMONS (Sir DAVID, M. A.) Electric Light Instal- 
lations. Vol. I. The management of Accumulators. 
Seventh edition, revised and enlarged, with numerous 
illustrations. i2mo, cloth x.50 

SAUNNIER (CLAUDIUS). Watchmaker's Hand-book. 
A Workshop Companion for those engaged in Watch- 
making and allied Mechanical Arts. Translated by 
J.Tripplinand E. Rigg. i2mo, cloth 3 5© 

SEATON (A. E.) A Manual of Marine Engineering. 
Comprising the Designing, Construction, and Work- 
ing of Marine Machinery. With numerous tables and 
illustrations. loth edition . 8 vo, cloth 5 <» 

SCHUMANN (F.) A Manual of Heating and Ventila- 
tion in its Practical Application, for the use of Engi- 
neers and Architects. Embracing a series of Tables 
and Formulae for dimensions of heatmg, flow and 
return pipes for steam and hot- water boilers, flues, 
etc. i2mo, illustrated, full roan i 5© 

Formulas and Tables for Architects and Engineers 

in calculating the strains and capacity of structures m 
Iron and Wood. i2mo, morocco, tucks x 5© 

^PRTRNER (T M ) Engineers' and Mechanics' Com- 
^^ panion Comprising United States Weights and 
Measures. Mensuration of Superfices, and Solids, 
Tables of Squares and Cubes, Square and Cube 
Roots, Circumference and Areas of Circles, the Me- 
chanical Powers, Centres of Gravity, Gravitation of 
Bodies, Pendulums, Specific Gravity pi Bod'es, 
Strength, Weight, and Crush of Materia^, Water- 
Wheels, Hydrostatics, Hydraulics, Statics, Centres of 
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Percussion and Gyration, Friction Heat, Tables of 
the Weight of Metals, Scantling, eic. Steam and 
the Steam- Engine. i6mo, full morocco z 50 

8CH ELLEN (Dr. H.) Magneto- Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Trans- 
mission of Power. Translated from the third German 
edition by N. S. Keith and Percy Neymann, Ph.D. 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. 1, with 
353 illustrations 5 00 

SHIELDS (J. E.) Notes on Engineering^ Construction. 
Embracing^ Discussions of the Principles involved, 
and Descriptions of the Material employed in Tun- 
nelling, Bridging, Canal and Road Building, etc. 
z2mo, cloth I 50 

SHREVE (S. H.) A Treatise on the Strength of Bridges 
and Roofs. Comprising the determination of Alge- 
braic formulas for strains in Horizontal, Inclined or 
Rafter, Triangular, Bowstring, Lenticular, and other 
Trusses, from fixed and moving loads, with practical 
applications, and examples, for the use of Students 
and Engineers. 87 woodcut illustrations. 8vo, cloth. 3 50 

SH0NK (W. F.) The Field Engineer. A Handy Book 
of Practice in the Survey, Location, and Truck-work 
of Railroads, containing a large collection of Rules 
and Tables, original and selected, applicable to both 
the Standard and Narrow Gauge, and prepared with 
special reference to the wants of the young Engineer. 
Ninth edition. Revised and Enlarged, zamo, mo- 

SIMMS (F. W.) A Treatise on the Principles and Prac- 
tice of Levelling. Showing its application to pur- 
poses of Railway Engineering, and the Construction 
of Roads, etc. Revised and corrected, with the addi- 
tion of Mr. Laws'* Practical Examples for setting out 
Railway Curves. Illustrated. 8vo, cloth 2 50 



— Practical Tunnelling. Explaining in detail Setting- 
out of the Work. Shaft-sinking, Sub-excavating, Tim- 
bering, etc., witn cost of work. 8vo, cloth 73© 
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SLATER (J. W.) Sewa^re Treatment, Purification, and 
Utilization. A Practical Manual for the Use of Cor- 
porations, Local Boards, Medical Officers of Health, 
Inspectors of Nuisances, Chemists, Manufacturers, 
Riparian Owners, Engineers, and Rate-payers. i2mo, 
cloth , 2 2< 

SMITH (ISAAC W., C.E.) The Theory of Deflections 
and of Latitudes and Departures. With special 
applications to Curvilinear Surveys, for Alignments 
of Railway Tracks. Illustrated. i6mo, morocco, 
tucks 3 oo 

(GUSTAVUSW.) Notes on Life Insurance. The- 
oretical and Practical. Third edition. Revised and 
enlarged. 8vo, cloth 2 oo 

STAHL (A. W.) and WOODS (A. T.) Elementary 
Mechanism. A Text-book for Students of Mechanical 
Engineering. i2mo, cloth 200 

STALEY (CAD Y) and PIERSON (GEO. S.) The Sep- 
arate System of Sewerage : its Theory and Construc- 
tion. 8vo, cloth. With maps, plates, and numerous 
illustrations. 8vo, cloth 3 00 

STEVENSON (DAVID, F.R.S.N.) The Principles and 
Practice of Canal and River Engineering. Revised 
by his sons David Alan Stevenson, B.Sc, F.R.S.E., 
and Charles Alexander Stevenson, B.Sc, F.R.S.E., 
Civil Engineer. 8vo, cloth 10 00 

■■I The Desisrn and Construction of Harbors. A 

Treatise on Maritime Engineering. 8vo, cloth 10 00 

STILES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all the 
functions of a one degree curve, from which a corre- 
sponding one can be found for any required degree. 
Also, Tables of Natural Sines and Tangents. x2mo, 
morocco, tucks 2 oc 

STILLMAN (PAUL). Steam-Engine Indicator and the 
Improved Manometer Steam and Vacuum Gausses ; 
their Utility and Application. i2mo, flexible cloth. .. 1 00 

STONEY (B. D.) The Theory of Stresses in Girders and 
Similar Structures. With observations on the appli- 
cation of Theory to Practice, and Tables of Strength, 
and other properties of Materials. 8vo, cloth t2 50 
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STUART (B.) How to become a Successful Engineer. 
Being Hints to Youths intending to adopt the Pro- 
fession. Sixth edition. 12 mo, boards 50 

(C. B.) C.E. Lives and Works of Civil and Mili- 
tary Engineers of America. With 10 steel-plate 
engravings. 8vo. cloth 50a 

SWEET (S. H.) Special Report on Coal, showing its 
Distribution, Classification, and Costs delivered over 
different routes to various points in the State of New 
York and the principal cities on the Atlantic Coast. 
With maps. 8vo, cloth 3 00 

SWINTON (ALAN A. CAMPBELL). The Elementary 
Principle of Electric Lighting. Illustrated. 12010, 
cloth 6q 

SWINBURNE (J.) Practical Electrical Measurement. 

With 55 illustrations. 8vo, cloth i 75 

TEMPLETON (WM.) The Practical Mechanic's Work- 
shop Companion. Comprising, a g-reat variety of the 
most useful rules and formulae in Mechanical Science, 
with numerous tables of practical data and calculated 
results facilitating mechanical operations. Revised 
and enlarged by W. S. Hutton. lamo, morocco a 00 

THOM (C.)and JONES (W. E.) Telegraphic Connections 
embracing recent methods in Quadruplex Telegraphy. 
1 llustrated. Svo, cloth 1 50 

THOMPSON (EDWARD P.) How to make Inventions: 
or, Inventing as a Science and an Art. A Practical 
Guide for Inventors. Svo, paper i 00 

TRE VERT (E.) Electricity and its Recent Applications. 
A Practical Treatise for Students and Amateurs, with 
an Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. lamo, cloth 2 00 

TUCKER (Dr. J. H.) A Manual of Sugar Analysis, in- 
cluding the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of Cane Sugar, Dextrose, Lev- 
ulose, and Milk Sugar. Svo, cloth, illustrated 3 50 

rUMLIRZ (Dr. O.) Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the German by D. Robert- 
son, 111. x2mo, cloth I 25 

'lUNNER (P. A.) Treatise on Roll-Turning for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
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with numerous engravings, wpodcuts. 8vo, cloth, 
with folio atlas of plates lo oo 

URQUHART (J. W.) Electric Light Fitting. Embody- 
ing Practical Notes on Installation Management. A 
Hand-book for Working Electrical Engineers — ^with 
numerous illustrations. z2mo, cloth 2 oo 

Electro-Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminium, Platinum, etc. izmo 200 

Electro-Typing. A Practical Manual, forming a 

New and Systematic Guide to the Reproduction and 
Multiplication of Printing Surfaces, etc. i2mo 2 00 

Dynamo Construction : a Practical Hand-book for 

the Use of Engineer Constructors and Electricians in 
Charge, embracing Framework Building, Field Mag- 
net and Armature Winding and Grouping, Com- 
pounding, etc., with Examples of Leading English, 
American, and Continental Dynamos and Motors, 
with numerous illustrations. i2mo, cloth 3 00 

UNIVERSAL /The) TELEGRAPH CIPHER CODE. 

Arranged fo: General Correspondence. i2mo, cloth., i 00 

VAN NOSTRAND'S TABLE-BOOK. For Civil and 

Mechanical Engineers. i8mo, half morocco i 00 

VAN WAGENEN (T. F.) Manual of Hydraulic Mining. 

For the Use of the Practical Miner. i8mo,'cloth i 00 

WALKER (W. H.) Screw Propulsion. Notes on Screw 

Propulsion, its Rise and History. 8vo, cloth 75 

WANKLYN (J. A.) A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter, 
and Cheese. i2mo, cloth i 04 

' Water Analysis. A Practical Treatise on the Ex- 
amination of Potable Water. Seventh edition. i2mo, 
cloth 2 00 

IVARD (J- H.) Steam for the Million. 'A Popular 
Treatise on Steam, and its application to the Useful 
Arts, especially to Navigation. 8vo, cloth i 00 

IVARING (GEO. E., Jr.) Sewerage and I^nd Drainage. 
Large Quarto. Illustrated with wood-cuts in the text, 
and full-page and folding plates. Cloth 6 00 
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WATT (ALEXANDER). Electro-Deposition. A Prac- 
tical Treatise on the Electrolysis of Gold, Silver, 
Copper, Nickel, and other Metals, with Descriptions 
of Voltaic Batteries. Magfneto and Dynamo-Electric 
Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and 
several chapters on Electro-Metall.urgy. With num- 
erous illustrations. Third edition, revised and cor- 
rected. Crown 8vo, 568 pages 3 50 



Electro- Metallurgy Practically Treated, zamo, 



cloth I 00 

WEALE aOHNV A Dictionary of Terms Used in 
Architecture- Building, Engineering, Mining, Metal- 
lurgy, Archjeol<^y, the Fine Arts, etc., with explana- 
tory observations connected with applied Science 
and Art. zamo, cloth a 50 

WEBB (HERBERT LAWS). A Practical Guide to the 
Testing of Insulated Wires and Cables. Illustrated, 
zamo, cloth 1 00 

WeISBACH (JULIUS). A Manual of Theoretical Me- 
chanics. Translated from the fourth augmented and 
improved German edition, with an Introduction to 
the Calculus by Eckley B. Coxe, A.M., Mining Engi- 
neer. 1 100 pages, and 90a woodcut illustrations. 

8vo, cloth zo 00 

Sheep zi c» 

WEYRAUCH (J. J.) Strength and Calculations of Di- 
mensions of Iron and Steel Construction, with refer- 
ence to the Latest Experiments, zamo, cloth, plates., x 00 

WHIPPLE (S., C.E.) An Elementary and Practical 

Treatise on Bridge Building. 8vo. cloth 4 00 

WILLIAMSON (R. S.) On the Use of the Barometer on 
Surveys and Reconnoissances. Part I. Meteorolognr 
in its Connection with Hypsometry. Part 11. 
Barometric Hypsometry. With Illustrative tables 
and engravings. 4to, cloth Z5 00 

Practical Tables in Meteorology and Hypsometry, 

in connection with the use of tne Barometer. 4to, 
cloth a 50 

WRIGHT (T. W., ProfJi A Treatise on the Adjustment 
of Observations. With applications to Geodetic 
Work, and other Measures of Precision. 8vo. cloth. . . 4 00 

— — — A Text-book of Mechanics for Colleges and Tech- 
nical Schools. i2mo, cloth 250 
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Wo. 60.-STRENGTH OF WROUGHT-IRON BRIDGE MEM- 
BERS. By S. W. Robinson, C.E. 

No. 61.— POTABLE WATER AND METHODS OP DETECT- 
ING IMPURITIES. By M. N. Baker. 

lfo.60.— THE THEORY OF THE GAS-ENGINE. By 
Dougald ClQrk. Second edition. Withadditloisal 
maUen. Edited by F. £. IdeU, M.E. 

Ka M.—HOUSE DRAINAGE AND SANITARY PLUMB- 
ING. By W. P. Gerhard. Sixth edition. Ra- 
vised. 

Ko. 64.— ELECTRO-MAGNETS. By A. N. Mansfield. 

' Ko. 66.— POCKET LOGARITHMS TO FOUR PLACES OF 
DECIMALS. 

No. W.^DYNAMO-ELECTRIC MACHINERY. By S. P. 
Thompson. With notes by F. L. Pope. Third 
edition. 

Ho: C7.— HYDRAULIC TABLES BASED ON »*KUTTER'S 
FORMULA.** By P. J. Flynn. 

Ko. 68.— STEAM-HEATING. By Robert Brings. Third 
edition, revised, with additions by A. R. Wolff. 

No, 69.— CHEMICAL PROBLEMS. By Prof. J. C. Foye, 

Third edition, revised and enlarged. 

No. 70.— EXPLOSIVE MATERIALS. John P. WlHser, U. S. A. 

No. n.— DYNAMIC ELECTRICITY. By John Hopkinson, 
J. N. Sboolbred, and R. E. Day. 

No. TO.— TOPOGRAPHICAL SURVEYING. By George J. 
I Specht, Prof. A. S. Hardy, John B. McMaster, and 
if. F. Walling. 

No. W.— SYMBOLIC ALGEBRA; OR, THE ALGEBRA OF 
ALGEBRAIC NUMBERS. By Prof. W. Cain. 

Na 74.— TESTING MACHINES : THEIR HISTORY, CON- 
STRUCTION, AND USE. By Arthur V. Abbott. 

Na 76.— RECENT PROGRESS IN DYNAMO-ELECTRIC 
MACHINES. Being: a Supplement to Djmamo- 
Electric Machinery. By Prof. Sylvanus P. 
Thompson. 

jfo. 76.— MODERN REPRODUCTIVE GRAPHIC PRO- 
CESSES. By Lieut. James S. Pettit, U.S.A. 

No. 77.— STADIv* SURVEYING. The Theory of Stadia 
Measurements. By Arthur Winslow. 

No. 78.— THE STEAM ENGINE INDICATOR, AND ITS 
USE. By W. B. Le Van. 

jlo. 79 —THE FIGURE OF THE EARTH. By Frank a 

Roberts, C.E. 

]to» 8a.-HEALTHY FOUNDATIONS FOR HOUSES. Bf 
Glenn Brewn. 
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No. 81. -WATER METERS: COMPARATIVE TESTS OF 
AOOURAOY, DELIVERY, ETC. Distinctlvd 
features of the Worthington, E.ennedy, Siemens, 
and Hesse meters. By Ross E. Browne. 

No. 82-THE PRESERVATION OF TIMBER BY THE USE 
OF ANTISEPTICS. By Samuel Bagster Bonl- 
ton,C.K 

No. sa -MECHANICAL INTEGRATORS. By Prol Henry 
8. H. SHAW, C. ^. 

No. 84. -FLOW OP WATER IN OPEN CHANNELS, PIPES, 
CONDUITS, SEWERS, ETC. With Tables. By 
P. J. Flynn,-C E. 

No. 85. -THE LUMINIFEROUS ^THER. By Prot de 
Volson Wood. 

No. 86. -HAND-BOOK OF MINERALOGY: DETERMINA- 
TION AND DESCRIPTION OF MINERALS 
FOUND IN THE UNITED STATES. By Pro£ 
J. C. Foye. Fourth edition, revised. 

No. 87. -TREATISE ON THE THEORY OF THE CON- 
STRUCTION OF HELICOIDAL OBLIQUE 
ARCHES. . By John L. Ciilley, C. E. 

No. 88.— BEAMS AND GIRDERS. Practical Formulas for 
their Resistance. By P. H. Philbrick. 

No. 89. -MODERN GUN COTTON: ITS MANUFACTURE, 
PROPERTIES, AND ANALYSIS. By Lieut. 
John P. Wisser, U. S. A. 

No. 90.— ROTARY MOTION AS APPLIED TO THE GYRO- 
SCOPE. By Gen. J. G. Barnard. 

No. 9L— LEVELING! BAROMETRIC TRIGONOMETRIC 
AND SPIRIT. By Prof. L O. Baker. 

No. 92.— PETROLEUM: ITS PRODUCTION AND USE. By 
Boyerton Redwood, F. L C, F. C. S. 

No. 93. -RECENT PRACTICE IN THE SANITARY DRAINAGE 
OF BUILDINGS. With Memoranda on the Cost of 
Plumbing Work. Second edition, revised. By 
William Paul Gerhard, C. E. 

No. 94. -THE TREATMENT OF SEWAGE. By Dr. C. Mey 

mott T.dy. 

No. 95. -PLATE GIRDER CONSTRUCTION. By Isami Htroi, 
C. E. 2d edition, revised and enlarged. 

No. 96.-ALTERNATE CURRENT MACHINERY. By Gis- 

bert Kapp, Assoc. M. Inst., C. E. 

No. 97.— THE DISPOSAL OF HOUSEHOLD WASTES. By 
W. Paul Gerhard, Sanitary Engineer. 

No. 98.— PRACTICAL DYNAMO BUILDING FOR AMATEURS. 
HOW TO WIND FOR ANY OUTPUT. By Frederick 

Walker. Fully illustrated. 

No. 99-TRJPLE - EXPANSION ENGINES AND Ei^GlNB 
TRIALS. By Prof. Osborne Reynolds. Edited, 
with notes, etc., by F. E. Idell, M. E. 
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Na lOO.-HOW TO BECOME AN ENGINEER, or the Theo- 
i-etical and Practical Train ineiiecessary in flttine 
for the duties of the Civil Engineer. By ProfT 
Geo. W. Plympton. 

No. 101.— THE SEXTANT, and other Reflecting Mathemati- 
cal Instrumenis. With Practical Hints for their 
ad justmeat and use. By F. R. Brainard, U. 8. 
Navy. 

No. 102.— THE GALVANIC CIRCUIT INVESTIGATED 

MATHEMATICALLY. By Dr. G. S. Ohm, Ber- 
lin, 1827. Translated by William Francis. With 
Preface and Notes by the Editor, Thomas D. 
Lockwood, M.I.E.E. 

No. 103.— THE MICROSCOPICAL EXAMINATION OF 
POTABLE WATER. With Diagrams. By Geo. 
W. Rafter. 

No. 104.— VAN NOSTRAND'S TABLE BOOK FOR CIVIL 
AND MECHANICAL ENGINEERS. Compiled 
by Prof. Geo. W. Plympton. 

No. 105.— DETERMINANTS. An Introduction to the Study 
of, with Examples and Applications. By Prof. 
G« A. Miller. ' 

No. 106.— COMPRESSED AIR. Experiments upon the 
Transmission of Power by Compressed Air in 
Paris. (Popp's System.) By R-of. A. B. W. 
Kennedy. The Transmission and Distribution of 
Power from Central Stations by Compressed Air. 
By Prof. W. C. Unwin. 

No. 107. -A GRAPHICAL METHOD FOR SWINaBRIDGES. 
A Rational and Easy Graphical Analysis of the 
Stresses in Ordinary Swing-Bridges, With an 
Introduction on the General Theory of Graphical 
Statics. By Benjamin F. La Rue. 4 Plates. 

No. 108.— SLIDE VALVfi DIAGRAMS. A French Method 
for Constructing Slide Valve Diagrams. By Lloyu 
Bankson, B S., Asslsrant Naval Constructor, U. 
S. Navy. 8 Folding Plates. 

No. 109.— THE MEASUREMENT OF ELECTRIC CUK 
RENTS. Electrical Measuring Instruments. By 
James Swinburne. Meters for Electrical Enei ^y. 
By C. H. Wordinpham. Edited, with Preface' 
by T. Comniei-ford Martin. Folding Plate and 
numerous illustrations. 

No. 110.— TRANSITION CURVES. A Field-Book for Engin- 
eers, containing: Rules and Tables for Laying 
out Transition Curves. By Walter G. Fox, C.E. 

No. 111.— GAS-LIGHTING AND GA.S-FITTING. Specifica- 
tions and Rules for Gas-Piping. Notes on the 
advantagresof Gas for Cooking and Heating, and 
Useful Hints to Gas ( 'onsutners. Second edition, 
rewritten aud enlarged. By Wm. Paul Gerhard, 
C. E. 

No. 112.— A PRrvIER ON THE CALCULUS. By E. Sherman 
Gould, M. Am. See. C. E. 
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